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The assimilation apparatus in many plants, soya 
among them, consists of leaves of different ages, many 
of which can be distinguished on the basis of their ana- 
tomical-morphological characteristics [1, 2], chemical 
composition [3 -8], enzyme activity [9-12] and photo- 
synthetic activity [13-17]. To what degree these age 
characteristics of the assimilation apparatus can be used 
for increasing yield of agricultural crops is as yet not 
known. The experimental data on this problem are in- 
sufficient. 

Our goal was to follow the distribution of assimi- 
lants among various groups of substances throughout on- 
togenesis in soya leaves of different ages. 

For our experiments, we started with the following. 
On the soils of average yield 10 to 15 nodes are formed 
on the main stem in soya plants. In each one of these, 
a leaf and reproductive organs are formed. The size of 
the yield of seeds from one plant and from the unit area 
depends on the number of nodes present in the plant. 
Because of this, it was very important to establish how 
the assimilants were used in the leaves of various whorls 
in the early stage of development and during the period 
of seed formation. 


METHODS 

The experimental soya plants were grown on plots 
of the Botanical Garden, Far Eastern Department of Si- 
berian Division of the USSR Academy of Sciences. A 
group of these plants were given supplementary feeding 
with radioactive carbon dioxide (C“0,) by means of a 
chamber. The CO, content in the chamber was brought 
up to 1%, while the C'* content was 8-12 microcuries 
per liter of air. The exposure lasted for 1'/, hours. 

For the determination of radioactivity in the leaves 
of different whorls, samples were taken consisting of 
discs 15 mm in diameter. The following groups of sub- 
stances were measured: sugars soluble in 82 ethyl al- 
cohol, polysaccharides extracted by 1.25% sulfuric acid 
solution, proteins extracted by 1.25% solution of sodium 
hydroxide, and cellulose. The order of these was the 
following. The discs were placed in small test tubes 


(50-70 cc), to each of which 5 ml of 82 ethyl alcohol 
was added, The test tubes were stoppered with rubber 
stoppers, into which short (15-20 cm) glass tube-condens- 
ers were placed, and then placed in the water bath. The 
alcohol was brought to boiling, and boiled for 30 min- 
utes. After such fourfold extraction, the discs of leaf 
blades of the upper whorls were discolored, while the 
discs of old leaves (lower whorls) remained a yellowish 
green color. Subsequently, the discs of the leaf blades 
were dried between filter paper and were placed in the 
counter for determination of radioactivity. The differ- 
ence between determinations prior to and after alcohol 
extraction gave us the amount of assimilants which be- 
longed to the alcohol-soluble group of substances. 

Then the discs of leaf blades were placed in test 
tubes,covered by 5 ml of 1.25% sulfuric acid each, placed 
into a sand bath, and boiled for 2 hours. Then discs 
were washed 3 or 4 times with tap water and once with 
distilled water. Together with the latter, the disc was 
placed into a petri dish. After the acid treatment, the 
disc became very fragile and it was impossible to pick 
it up with forceps because it broke down very easily. The 
disc was lifted from the water by filter paper and was 
then placed on filter paper for drying. The difference 
between the radioactivity of the acid extract compared 
to that of the alcohol extract gave the amount of ra- 
dioactive carbon which had entered into the acid-soluble 
group of substances-the polysaccharides. Then the filter 
paper disc together with the disc of the leaf blade was 
placed into a test tube containing alkali solution (5 ml, 
1.25%), from which the filter paper disc was removed. 
The test tubes were again placed into a sand bath and 
boiled for 2 hours. The determination of the radioactiv- 
ity in the disc after the alkali extraction indicates the 
amount of radioactive carbon which entered cellulose. 
The difference between the last determination and the 
one before last indicated the assimilants which entered 
the alkali-soluble group, i-e., proteins. 


*f, Ya, Kostetskii, a student at Far Eastern State Univer- 
sity, participated in the field work. 
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TABLE 1. Distribution of Assimilants According to the Basic Group 
of Substances in Soya Leaves of Different Ages (in counts/ minute per 
surface of the disc of the leaf blade, d=15 mm) 


Nodes in 


Groups of substances 


ascending Alcohol- 
order soluble 


Acid- Alkali- 
soluble | soluble Cellulose 


161 
35 
44 
51 
35 

0 


1 
Paired leaf 12 


TABLE 2. Radioactivity of Leaf Baldes in Soya (in 
counts/ min per disc surface, d = 15 mm) 


Nodes in 
ascending Plants 
order 2 


11 181 
74 
117 
56 
66 


o 


9 
8 
1 
6 
5 
4 
3 
2 
1 


EX PERIMENT AL 

The experiments with supplementary feeding of 
soya plants with radioactive carbon dioxide were car- 
ried out during 3 periods; during the beginning of flower 
ing, during seed formation and in the end of vegetative 
growth. 

Experiment 1. Four plants were given supplemen- 
tary feeding with C“O, on July 25, when the first flowers 
began to appear. They were placed in their entirety 
into the atmosphere of radioactive carbon dioxide. The 
plants had 7 nodes each on the main stem, and 3 to 4 
branches in nodes of the lower whorl. All leaves, in- 
‘cluding the paired leaves, remained green. The differ- 
ence in their age was the following: the paired leaves 
were 50 days old, the first trifoliate leaf was 40 days 
old, and the seventh was 5 days old. The sample discs 
of leaf blades for radioactivity determination were 
taken 2 days after supplementary feeding. The data 
were identical for all 4 plants; therefore,we give the 
figures for only one plant (Table 1). 
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From the data of Table 1 it can be seen that the 
soya leaves of the upper whorl have greater photosynthe - 
tic activity than the leaves of the lower whorl. . We noted 
this in the experiments which we carried out earlier [18]. 
The same was noted by many authors in other plants 
as well[13-17]. The greatest amount of radioactive 
carbon goes into the groups of the alcohol-soluble and 
acid-soluble substances and only partially into the alkali- 
soluble group and cellulose in the leaves of the upper 
nodes. 

If data of oldest and youngest leaves are compared, 
it seems that the alcohol-soluble and acid-soluble groups 
make up 96-100% of all substances in the paired and the 
first trifoliate leaf among the oldest leaves, while in 
the youngest leaf (node 7) the alcohol-soluble and the 
acid-soluble groups constitute 83% In the dying paired 
and the first trifoliate leaf, no radioactive carbon was 
found either in the alkali-soluble group or in the cellu- 
lose, while in the leaf of the seventh node and in other 
leaves of the upper whorl it was found in both of these 
groups in the amount of 17-31%. 

Experiment 2. As in the first experiment, four 
plants were given supplementary feeding with radioactive 
carbon dioxide on August 12, at a time when shoots 
were formed in the nodes of the lower and middle whorls. 
Plants had 10-11 nodes and 5-6 side shoots on the day 
of supplementary feeding. During this period the for- 
mation of new leaves and the growth of their blades 
was still taking place. The difference in age between 
the lower- and uppermost leaves was 40 days. Sampie 
discs were taken on August 13. Experimental data are 
given in Tables 2 and 3. 

The data of Table 2 show that in this phase, too, 
the young leaves have greater photosynthetic activity 
than the leaves of the older or lower whorl, The distri- 
bution of photosynthetic products among the groups 
(Table 3) shows that in old leaves (of the 3rd or 4thnode) 
they have completely entered the carbohydrate group= 


1 272 64 = 18 
a 6 135 48 29 23 
; 5 95 32 12 7 
4 82 13 11 1 
2 70 22 13 0 
34 0 0 
4 1 0 
\ 
4 - 182 
113 
85 
221 83 
| 115 40 
7 44 43 68 13 
40 40 28 18 
53 46 1 
27 65 24 


TABLE 3. Distribution of Radioactive Carbon According to the Group of 
Substances in Soya Leaves of Different Ages 


Soya leaves 


Control, in 
counts/min ty in al- 
per dise sur- | cohol andj Alkali- 
face,d=15mm]| acid soluble | Cellulose 


Groups of substances, % 
Solubili- 


Leaves in the nodes of 
the main stem 


Third 27 

Fourth 53 

Tenth 126 

Eleventh 160 
Uppermost leaves 

Of the second branch 139 


Of the seventh branch 221 


TABLE 4. Radioactivity of Leaf Blades in Soya in Dif- 
ferent Whorls (in counts/min per disc surface, d=15 
mm) 


Nodes in 
ascending Plants 
order 1 2 3 4 
13 - 63 - - 
12 17 717 - - 
11 61 81 158 49 
10 41 44 84 86 
9 28 85 66 100 
8 71 52 163 90 
1 145 56 159 110 
6 - 131 225 154 
5 - 117 - - 


simple and complex sugars— while in the upper leavesof 
the main stem and later shoots, the assimilants have also 
been included in the alkali-soluble group and cellulose, 


Experiment 3. As in the first 2 experiments, four 
plants were placed into the atmosphere of radioactive 
carbon dioxide. Supplementary feeding was carried 
out on September 2. Samples for radioactivity deter- 
mination in leaves wete taken on September 3. At 
this time, plants had 11-12 nodes on the main stem and 
5-6 lateral branches. The leaves on the fourth to sixth 
nodes died out. Seeds were present in all nodes which 
had leaves of the main and lateral shoots. As the seeds 
appear in all nodes, the formation of new leaves and 
the growth of leaf blades ceases. 

The data of Table 4 show that there is less radia- 
active carbon in the leaves of the upper whorl than in 
the leaves of lower whorl, which is older in age. This 


100.0 0 0 

100.0 0 0 
717.0 10.3 12.7 
75.0 12.5 12.5 


80.6 10.8 8.6 


84.9 4.5 10.6 


is explained by the following. In the nodes of the lower 
and middle whorl in soya plants, variety Primorskaya 
529, the seeds are usually formed 10 to 20 days earlier 
than in the nodes of the upper whorl. At the beginning 
of their formation, the first seeds, as we have establish- 
ed earlier [19], absorb assimilants not only from the 
leaves in whose axil they lie but also from the leaves 
of the upper whorl. And from the moment of formation 
of seed in the axil of the uppermost leaf, the assimi- 
lants begin to be used up by the seeds of each node 
locally [20-21]. The difference in filling of the seeds 
of the lower and upper whorl at this time is rather 
great. If in the seeds of the lower nodes the filling of 
the seeds makes up 50 or more per cent of all dry sub- 
stances of their ripe state, in the node of the upper 
whorl only seed embryos occur. In all nodes on the 
plant the actual ripening of the seeds is simultaneous. 

To overcome such a long delay, the flow of assimi- 
lants from the leaves of the upper whorl must take place 
more actively than from the leaves of the lower whorl. 

From the data of Table 5 it can be seen that in 
the leaves of old whorls 91-96% of assimilants entered 
into simple and complex sugars and only an insignifi- 
cantly small amount went into proteins and cellulose. 

In other parts of this experiment the first 2 groups which 
received assimilants were: Number 1 90-100%, No. 2 
93-100%, and No. 4 90-98% 

This is explained by the fact that the leaves of the 
lower as well as upper whorls in spite of their age in 
this period fulfilled the same functions; the assimilants 
on the whole were used up for formation of reproduc- 
tive organs —seeds. 


SUMMARY 
1. The soya leaves of different whorls have differ- 
ent photosynthetic activities in various phases of devel- 
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TABLE 5. Distribution of Radioactive Carbon in Groups of Sub- 
stances in Soya Leaves of Different Whorls (in counts/min per 


disc surface, d = 15 mm) 


Nodes in 


Groups of substances 


Alcohol- 
soluble 


ascending) 


order Control 


Acid- 
soluble 


Alkali- 


soluble | Cellulose 


158 
84 
66 


225 


opment; the greatest activity is in the leaves of the up- 
permost whorl, and the lowest in the leaves of the lowest 
whorl, which is oldest in age. In young leaves, the as- 
similants were found in a group of substances; alcohol- 
soluble, acid-soluble, alkali-soluble, and in cellulose; 
in leaves of the lower whorl, cellulose and proteins 
received practically no assimilants, while only sub- 
stances which are soluble in alcohol and in acid re- 
ceived them. 

2. When seeds are present in all the nodes of plants, 
90-100% of assimilants epter into alcohol-soluble and 
acid-soluble groups of substances-simple and complex 


sugars—regardless of the age of the leaf. 

3. The inclusion of assimilants in one or another 
group of substances depends not only on the age of the 
leaf but also on the function which the leaf fulfills in 
the total metabolism at the particular period of plant 
life. 
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EFFECT OF ATP ON THE ENTRY OF ASSIMILATES 
INTO THE CONDUCTING SYSTEM OF SUGAR BEETS 


A. L. Kursanov and M. I. Brovchenko 
K, A, Timiryazev Institute of Plant Physiology, USSR Academy of Sciences, Moscow 


Translated from Fiziologiya Rastenii, Vol. 8, No. 3, 


pp. 270-278, May-June, 1961 
Original article submitted October 7, 1960 


Problems of assimilate transport were in recent years 
the subject of numerous researches (see review by Zim- 
merman[1}). In this work, attention was turned mainly 
to the function of the phloem [2-6] in the translocation 
of organic materials and especially to the function of 
sieve tubes [7-9]. 

The entry of assimilates from the mesophyll into 
conducting cells and their secretion from fibrovascular 
bundles into growing or storage tissue was studied much 
less, although possibly this constitutes one of the main 
conditions for the functioning of the whole conducting 
system. 

The opinion has been frequently expressed that 
the secretion of assimilates into conducting cells is a 
metabolic process [10] coupled with phosphorylation or 
other reversible transformation of transported compounds. 
The reverse process, the entry of transported material 
from the phloem into surrounding tissues, also is quite 
likely based on analogous phenomena. 

The process of sugar excretion from the phloem 
was studied mainly in relation to nectar secretion [11]. 
It was shown that this process depends on aeration [12]. 
It was also revealed in Matile’s experiments [13] that 
poisoning of the respiration of the nectar glands marked- 
ly depressed their secretion, suggesting the precipitation 
of phosphorylation in this process [12-13]. 

In our previous work [14], using c™, we studied 
the transfer of assimilates from the mesophyll into the 
translocation pathway of rhubarb leaves. It was shown 
that photosynthetic products enter the conducting system 
a few minutes after their formation, and that the rate 
of this process is much more rapid than that of free dif- 
fusion. Also, the assimilates revealed after a few min- 
utes in the conducting bundles differed in their compo- 
sition both in kind and proportion from the material 
found in photosynthesis. All this indirectly indicated 
that the excretion of the assimilates into the translocat- 
ing system is enhanced and controlled by tissue metabo- 
lism. 

In the above-mentioned work [14], it was shown 
that the major part of the assimilates entering the fibro- 
vascular bundles is composed of sugars, among which 
sucrose predominates. Amino acids enter in smaller 


amounts, but with them the selective aspect of the entry 
is clearly evident. The selective nature of amino acid 
transport in soy beans was also described by Nelson and 
Gorham [15]. As to organic acids, their entry into the 
phloem, is, according to our results, much slower than 
that of amino acids, but also the selective nature of the 
entry is clearly observed. 

The purpose of the present work is to study the re- 
lation between the transfer of assimilates from the meso- 
phyll into the conducting system and cell metabolism. 
As a source of radioactive assimilates, co, was used, 
and ATP was used to activate tissue metabolism. 


METHODS 
For our studies, we used sugar beets of the variety 


Verkhnyachka commonly used in our laboratory for trans- 
location studies. 


Starting in April, seeds of sugar beets were planted 
in earthenware jars which contained about 8 kilograms 
of soil. The plants were left in the hothouse until the 
middle of May, and were then transferred into the open 
field. A second planting was done at the end of June. 
Planting at two dates permitted us to conduct experi- 
ments during the whole vegetational period with young 
as well as with old plants. For each experiment, two 
leaves on each plant were selected which resembled 
each other in age and position. The leaves were simul- 
taneously enclosed in glass chambers through which a 
gas mixture. containing radioactive CO, was flowing. 
The total concentration of CO, was 2% and the amount 
of radioactivity was 10C. Photosynthesis with Co, 
was continued for five minutes. In the next five min- 
utes, the excess C“O, was absorbed with excess 20% 
NaOH. 

After removal of the chambers, the leaves were 
left for five more minutes in air and then one of them 
was infiltrated with water and the other with 0.006 M 
solution of adenosine triphosphoric acid. The infiltra- 
tion took about five minutes. The percent of tissue in- 
filtrated was from 95 to 100 percent. 

At the end of the infiltration the plants were imme- 
diately transferred into darkness where they remained 
for 20 minutes. Thus, after the application of c%o,, 
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the leaves were on the plant for 35 minutes, of which 
the last 20 minutes were in darkness. Experiments 
indicated that during that period the labeled assimilates 
were able to reach the roots. 

At the end of the above-mentioned period, the ex- 
perimental leaves were cut off. The petioles were 
divided into pieces of about 2 cm long, from the leaf 
blade down to the base, and they were immediately 
fixed in liquid nitrogen. Special experiments establish - 
ed that the assimilates moving in the fibrovascular bun- 
dies remain in these tissues and do not move in the 
surrounding parenchyma, This permitted us to avoid 
the rather difficult operation of separation of the bun- 
dles and to fix whole pieces, whose total radioactivity 
was due to the products of photosynthesis flowing in the 
conducting system. 

At thesame time the petioles were removed, three 
to four discs, free from primary or secondary veins, 
were taken from each half of the leaf blade. These 
discs were also fixed in liquid nitrogen. All samples 
were lyophilized [16] and analyzed. 

On one part of the dried material, phosphate esters 
soluble in 5% trichloroacetic acid (TCA) were determined. 
The isolation of the phosphoric acid fraction by paper 
chromatography was done by methods especially devel- 


oped for plant materials [17]. The total radioactivity 
from the phosphoric acid fraction was determined with 
an end-window counter, after evaporation of a definite 


aliquot of the disc extract. The radioactivity of the 
individual phosphorylated sugars was determined by 
counting the activity of the spots on the automatic den- 
sitometer of Yu. I. Novitskii. The radioactivity ob- 
tained as the area under the peaks for the individual 
phosphoric esters was computed as counts/minute/ gram 
of dried materials. 

A second part of the material was used for the de- 
termination of sugars, amino acid and organic acids. 
For this, as in our previous work [14], the dry material 
was extracted with 80% alcohol. The alcohol extract 
contained sugars, amino acids, organic acids and certain 
other compounds. 

The separation of amino acids from the sugars and 
organic acid was done with a strongly basic cation ex- 
change resin, Dowex 50. Amino acids retained on the 
cation resin were quantitatively eluted with 10% am- 
monium hydroxide. The total radioactivity of the ami- 
no acids was counted after evaporating small samples on 
discs. The radioactivity of the individual amino acids 
was determined in the same way after the chromatogra- 
phic separation and elution from the paper. 

To separate the sugars from the organic acids, the 
eluate, after the Dowex 50 treatment, was passed 
through a column of AN-2F in its acetate form. A 
special experiment showed that all the organic acids 
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were retained by the anion resin, while the sugars could 
be quantitatively eluted. The aqueous extract contain- 
ing the mono- and disaccharides was evaporated under 
vacuum and separated by paper chromatography as be- 
fore [14]. The radioactivity of the sugars was obtained 
by countingwith an end-window counter. 

The organic acids retained by AN-2F were quanti - 
tatively removed from the columnwith1NNH,OH. After 
removal of excess ammonia, the aqueous extract was 
passed through a column of KU-2 in its hydrogen form. 
The eluate containing the free organic acids was con- 
centrated in the cold and applied on discs for the deter- 
mination of radioactivity. 

In experiments where the determination of radio- 
activity was not accompanied by the separation and 
identification of the components, the determination of 
total radioactivity was done with aqueous suspensions 
obtained from the ground pieces of the freshly frozen 
petioles. The radioactivity was determined by taking 
0.4 ml of this mixture, transferring it on discs, and 
drying it. 


EX PERIMENT AL 

Before experimenting on the effect of ATP on as- 
similate mobilization, it was necessary to establish 
whether the ATP solution, infiltrated into the leaf blade, 
can affect the metabolism of leaf tissues. Such ex- 
periments were essential, since during photosynthesis 
appreciable amounts of ATP may be found in the leaf 
blade [18] and the exogenous application of additional 
amounts of the substance may have little effect. On the 
other hand, there is an opinion [9] that protoplasmic 
membranes are barely permeable for nucleotides and 
therefore it is not impossible that infiltrated ATP may 
not reach the metabolic cell zone. 

To diminish the possibility of competing activity 
of photosynthetic ATP we darkened the leaves imme- 
diately after the infiltration with ATP or water. The 
question about utility of introducing ATP in leaf meta- 
bolism required direct inquiry. For this purpose, we 
studied the effect of infiltrated APT on the composition 
of the phosphate esters in sugar beet leaves. 

It could be expected that supplementary enrich- 
ment with ATP, provided the latter enters into meta- 
bolic cell centers, would first of all activate the phos- 
phorylation of hexoses and the formation of triosephos - 
phate, and this could be accepted as evidence for the 
participation of supplied ATP in cell metabolism. To 
check this possibility, we infiltrated a solution of 0,006 
N ATP five minutes after feeding the leaves with 
Co, and left them for 20 minutes in the dark. There- 
upon the material was prepared for analysis and the 
phosphate ester fraction was isolated by the methods 
described above. Results are presented in Table 1. 


TABLE 1. Distribution of C“ in the Various Phosphate Esters (counts/min/g dry weight) 


In leaf blade In petiole 
Total radioac- 
Total radio- Fructose-6- | Phosphogly- | tivity of phos- 
activity of phosphate and| ceric acid phate esters in 
Experimental phosphate Glucose-6- | glucose-1- and phospho -| conducting 
scheme, esters (a) phosphate(b)| phosphate(c) | glycerol (d) | bundles (e) 
Control 4626 1520 1418 1688 233 
ATP (0.006M) 1452 2810 2258 2384 395 
Increase over 
control 2826 1290 840 696 162 


TABLE 2. Effect of ATP on Transfer of C4-Labeled 
Assimilates from the Mesophyll into the Transloca- 
tion System of Sugar Beets (counts/min/g dry 
weight) 


Tissue investigated Control ATP (0.006 M) 
Mesophyll 138080 114123 
Conducting bundles 
of petioles (cm from 
leaf blade) 
3-4 906 1163 
5-6 331 953 
7-8 214 340 
9-10 166 339 
11-12 138 226 
13-14 91 169 
Total C-labeled assimi - 
lates in conducting 
bundles 1846 3190 


From Table 1 it is evident that 20 minutes after 
the enrichment the leaves treated with ATP had a 
higher content of phosphorylated products (a). The in- 
crease is mainly in glucose-6-phosphate (b), whose 
amount was nearly doubled in this experiment. Also, 
other hexosephosphate esters (c), as well as triosephos- 
phate (d),accumulated appreciably after ATP infiltra- 
tion into the leaf blade. These results indicate a 
fairly rapid utilization of the ATP introduced into the 
leaves for the phosphorylation of the carbohydrate com- 
plex. Moreover, from Table 1 it appears that enrich - 
ment of the leaves with ATP causes some increase in 
the phosphate ester content in the fibrovascular bun- 
dies of the petioles, although these did not directly 
receive ATP. Apparently there is a definite relation- 
ship between activation of carbohydrate -phosphate 
metabolism in the leaf blade and the appearance of 
the additional amount of phosphate esters in the trans- 
location stream. 


All this indicated the possibility of activating leaf 
metabolism with ATP, an essential prerequisite for our 
experiment. Using this approach, we conducted a series 
of experiments with one-year-old sugar beets at differ- 
ent phases of development. It was clearly shown that 
under the influence of ATP the outflow of radioactive 
assimilates from the leaf blades was increased. In Table 
2, results of one such experiment are presented. 

An analogous picture was obtained in 16 similar 
experiments. The introduction of ATP into the leaf 
blades, in addition to increasing the outflow of the as- 
similates from the mesophyll into the conducting bun- 
dies, also increased the translocation rate of the assirmi- 
lates in the conducting system, as judged by the higher 
radioactivity of such conducting bundles along all their 
extent. 

Upon examination of the paper chromatograms of 
the phosphate esters with an ultrachemiscope [20], we 
could not detect any appreciable increase in the nucleo- 
tide fraction in the translocation pathway of the leaf 
petrioles, whereas in the leaf blade the increase of the 
nucleotide content after ATP infiltration was quite ob- 
vious. Therefore, the enhanced transport of assimilates 
into vascular pathways due to ATP activation is due ap- 
parently to the increased outflow of photosynthetic prod- 
ucts from the mesophyll into the phloem. Whether the 
increased content of hexosephosphates in the vascular 
bundles of the plants activated with the ATP also plays 
a role (see Table 1) is at present difficult to answer. 

Of the 20 experiments performed by us, the activat- 
ing effects of ATP were clearly evident in 17, and in 
only three it was not definite. It is possible that in the 
latter we dealt with leaves quite rich in endogenous 
ATP and in such cases the introduced ATP did not pene- 
trate the suitable cell zones. 

In spite of the variation in the outflow intensity 
due to individual variability of the plants (lower column, 
Table 3), the results as a whole quite clearly established 
that outflow rate of the assimilates changes during onto- 
genesis. 
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TABLE 3, Effect of ATP on C“-Labeled Assimilate Outflow in Plants of Various Ages 
(period of outflow 35 min) (counts/ min/ g wet weight, mean values) 


Tissue 
investigated 


50-Day-old 80-90-Day-old 110-120-Day-old 


control ATP control ATP 


control ATP 


Leaves 


Conducting bundles 
of petioles (cm 
from leaf biade) 

3—4 
5—6 
7—8 
9—10 
14 

bundle 

assimilates 


Range in each 
experimental 


group 


121 579 131 695 248 157 224 088 96 037 


3540 
2479 
1288 
925 
519 
227 


8183 6060 


8978 


998—-1018] 7254—9100 | 1208—10 570] 2760—26 650} 240—603 


TABLE 4. Effect of ATP on the Distribution of C“ in the Various Groups of Organic Compounds 
(% of total) 


Distribution of C in the various 
groups of compounds in the conduct - 
ing bundles (% of total radioactivity) 
Sugars Amincacids} Organic 
acids 


1.6 0 
3.5 0 


Total radioactivity in alco- 
hol extracts (counts/min/ g 
dry weight of tissues) 

Leaf blades Conducting 
bundles 


21 828 
28 168 


Experimental variables 


Control 
ATP (0.006 M) 


733 920 
731 925 


75.1 
85.5 


The results in Table 3, representing each average 
from five to six repeated determinations, characterize 
the intensity of assimilate transport in plants of various 
ages. 

From these results it is evident that in 50-day plants, 
which are in the phase of leaf formation and which do 
not yet show massive sucrose accumulation in the roots, 
the outflow of assimilates is several times smaller than 
in 80- or 90-day plants,which are in the phase of inten- 
sive sugar accumulation. Later, after 110 to 120 days 
of growth, the outflow in the sugar beet is again marked- 
ly reduced, indicating the completion of the process of 
sugar storage. 

In spite of these differences in age, it is always 
possible, by the use of ATP, to activate the outflow of 
assimilates. Their effect on the secretion in conduct- 
ing systems of young plants is especially marked. In 
the latter, at least in short term experiments, it is pos- 
sible to increase the outflow seven - to eight-fold by 
means of ATP, attaining outflows of almost the same 
magnitude as in the period of intensive sugar accumu- 
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lation. The stimulation of outflow at the end of the 
vegetative period is, however, less efficient. However, 
even then, the ATP effect is quite evident. * 

At the same time, the introduction into the leaves 
of AMP, differing from ATP in the absence of high en- 
ergy phosphate bonds, did not cause any activation of 
outflow in our experiments. For instance, in one trial 
the outflow of assimilates was doubled under the influ- 
ence of ATP, but was increased only by 10% by AMP. 


* In a recent publication [21], we presented results of 
two experiments on the ATP effect on assimilate out- 
flow in sugar beets. These results resemble those ob- 
tained in more numerous trials reported in this commu- 
nication. It should be noted, however, that due to dif- 
ferences in dates of planting, the calendar age of the 
plants does not reflect the real age. Specifically, in 
the paper mentioned above, the September trials were 


done with 50-day plants and the June trials were done 
with 75-day plants. 


. 

425 5087 2814 73 187 
: 293 1694 1474 37 72 
165 1024 808 16 43 
124 378 519 45 39 
— — 319 6 15 
4007 147 356 

. 
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TABLE 5. Distribution of C™ in the Various Sugars of Sugar Beet Leaves (% of total) 


Total radio- 
activity of 
sugars (counts / 
min/g dry 
weight) 


Experimental 
variables 


Hexoses 
Glucose Fructose 


460 570 
481 721 


Control 
ATP (0.006 M) 


19.8 
29.0 


19.4 
20. 6 


TABLE 6. Effect of ATP on Uptake of Various Sugars by the Conducting System (counts/ 
min/g dry weight and% of total sugar radioactivity) 


Total 


Sucrose 


Fructose /Total 


Expt, 
No. 


Experimental 
variant 


radio- 


activity 


hex- 
oses, 


16 136 
25 910 
16 613 
22 259 


Control 
ATP (0,006 M) 
Control 
ATP (0,006 M) 


This indicates the primary importance of the nucleo- 
tides, the high-energy phosphate compounds, 

Further experiments were performed to elucidate 
the composition of assimilates entering the conducting 
system upon activation of the leaf blades with AMP 
solution. In Table 4, the results of one such experi- 
ment are presented, 

From the data of Table 4, it is apparent that, when 
comparing the alcohol extracts (constituting a part of 
the total radioactivity), the excretion of labeled products 
in the conducting system of leaf petioles is increased 
much more by ATP. 

At the same time, from Table 4 it is apparent that 
the increased outflow is accounted for by increased 
sugar transport,whose content in the conducting system 
increases under the effect of ATP from 75 to 85.5 % 

The increase in amino acids in the fibrovascular 
bundles is also enhanced under the influence of ATP, 
but the absolute extent of this increase is less apprecia- 
ble than for the sugars, 

Finally, organic acids, at least in the conditions 
of these experiments, did not pass into the conducting 
system at all, and could not be activated for transport 
by ATP, although organic acids contribute 8% of the 
total activity in assimilating'cells. Apparently in beets, 
as in rhubarb [14], the participation of organic acids 
in outflow is small. 

For further study of the role of ATP in assimilate 
transport, a more detailed knowledge of the nature of 
the activated compounds was required. 


Chromatographic partition of the amino acids =nd 
the determination of the radioactivity in each showed 
that under the influence of ATP, the entrance of alanine, 
threonine and y-aminobutyric acid into the conducting 
system was enhanced. However, since these results were 
obtained with relatively low radioactivity level, they 
should be considered as preliminary. 

The sugar fraction, whose outflow is activated by 
ATP to the largest extent, was studied in more detail. 

The relative content of sucrose, glucose and fruc- 
tose in the leaf blades of sugar beets obtained 35 min- 
utes after CO, application are presented in Table 5. 
From the data, it is evident that enrichment with ATP 
right after photosynthesis caused a relative depression 
in the amount of sucrose and an increase in monosac- 
charide content, mainly of glucose. 

In Table 6, similar data from two experiments with 
conducting bundles of leaf petioles are presented. 

Here, as in previous experiments, a greater outflow 
of radioactive sugars into the conducting system of 
plants receiving ATP was noted. There is an increase 
in the amount in each fraction. It should be noted, 
however, that in conducting tissues, the ATP stimulation 
is more prominent with hexoses than with sucrose (com- 
pare Tables 5 and 6). Therefore,the fraction of the total 
radioactivity of the assimilates translocated in the pet- 
iole due to sucrose is lower in ATP-activated plants 
than in the controls. 

Among the hexoses, fructose increases more than 
glucose. This possibly indicates a higher ATP activation 


Total 
Sucrose hexoses 

50.4 49.6 
° 
‘ 9361 | 58.0} 3176 | 19.6 | 3599 | 22.4 | 42.0 
; 14 265 | 43.5 | 6718 | 25.9 | 7928 | 30.6 | 56.5 ieee 
9 10272 | 61.8 | 3131 | 18.8 | 3240 | 19.4 | 38.2 ee 
| 11152 | 50.4 | 4516 | 20.3 | 6590 | 29.6 | 49.9 Behe 
: 
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of fructose outflow, which may be related to its rela- 
tively lower accumulation in leaf blades (Table 5). On 
the other hand, it may be assumed that while the activa- 
tion of the outflow into the conducting system of the 
hexoses is equal, the glucose is more rapidly transform- 
ed there, thus causing unequal accumulation in the con- 
ducting bundles. The most important aspect of the 

data is that ATP-enhanced activation acts mainly on 
hexoses, but not on sucrose, although the latter should 

be considered the main transported sugar. 

The results of this research indicate that outflow of 
assimilates from the mesophyll into the translocation 
system is a metabolic process related to ATP utiliza- 
tion, and therefore normally regulated by photosynthe - 
sis and respiration. Further studies are required to under- 
stand better the mechanism of ATP utilization during 
assimilate entry into the conducting system. However, 
even now we can express certain assumptions, consist- 
ent with the results of our work. 

It is likely that prior to the uptake of the sugars 
from the mesophyll into conducting cells, the sugars 
are phosphorylated by means of ATP, forming hexose 
phosphate and possibly sucrose phosphate (see Matile 
(13]). Furthermore, assimilates pass through the proto- 
plasmic membranes separating them from the phloem, 
either directly as phosphate esters or by transfer to other 
acceptors. We do not know whether the formation of 
phosphate derivatives is essential only for the transfer 
of sugar from the mesophyll, or whether sugar phosphates 
have a role in subsequent translocation, as possibly sug- 
gested by the data of Table 1. 

No doubt, however, that in the phloem a rapid re- 
synthesis of sucrose from hexose phosphates occurs [22], 
and thus in the translocation stream the amount of 
sucrose exceeds that of the monosaccharides. 

During activation of outflow by supplementary in- 
troduction of ATP into the leaf blade, the uptake of 
he se phosphate into the conducting system is so large 
that sucrose synthesis cannot keep up with this process. 
Therefore, the excess hexose phosphates are dephos- 
phorylated in the conducting bundles, and a temporary 
accumulation of hexose, and in part of hexose phosphate, 
occurs. 

The idea of sugar transport in plants by means of 
conductor compounds was previously expressed by one 
of us [23]. Derivatives of phosphoric acid [23, 12], 
boric acid [24], or other complexes, reversibly com- 
bining with sugars during their passage through the 
protoplasmic membrances [25], were proposed as such 
compounds. The significance of the results of the pre- 
sent work is in that it permits developing such concepts 
on the basis of direct experimental evidence. 
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SUMMARY 

1. The enrichment of leaf blades of sugar beets 
by ATP increases the formation of hexose and triose - 
phosphates (Table 1). 

2. The activation by ATP increases the rate of 
outflow of assimilates from the leaf blades (Table 2). 

3. Outflow of assimilates is normally most inten- 
sive at the age of 80-90 days. By means of ATP, it 
is possible to stimulate this process at all stages of 
growth during the first year. An especially vigorous 
stimulation can be induced by ATP in 50-day plants, 
which do not yet store sugar in their roots (Table 3). 

4. The outflow of sugars is enhanced by the ATP 
effect (Table 4), and primarily the content of mono- 
saccharides in the conducting bundles, and to a lesser 
extent of sucrose, is increased (Table 6). 

5. The opinion was expressed on the basis of these 
results that phosphorylation of the sugars precedes their 
transfer from the mesophyll to the phloem and they 
are rapidly resynthesized to sucrose upon their entry 
into the translocation system. 
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EFFECT OF WILTING IN CARBOHY DRATE CONVERSION 


N. V. Subbotina 
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Translated from Fiziologiya Rastenii, Vol. 8, No, 3, 
pp. 279-283, May-June, 1961 
Original article submitted June 8, 1959 


According to the literature [1,2,etc.] the oxidation- 
reduction (redox) regime of plant and animal cells de- 
pends upon the status of various oxidation-reduction sys- 
tems among which an exceedingly important role is 
played by the sugar system. 

A number of studies have involved the study of car- 
bohydrate conversion of wilted plants. Kiselev [3] dis- 
cussed the conversion of starch to sugar in mesophyll 
cells in darkened and illuminated wilted leaves. In the 
lighted leaves conversion of starch to sugar is already 
observed 2-4 hours after wilting. Kiselev[3] did not 
detect starch breakdown in wilted leaves. He considered 
that this was because of the low starch content of the 
leaves. 

L'vov and Fikhtengol'ts [4] studied the nature of car- 
bohydrate conversion in wilted tobacco and arrived at 
the conclusion that when a leaf wilts there is a wholesale 
hydrolysis of starch which reduces the starch content of 
the leaf 30-50% or more. Starch hydrolysis exceeds the 
destruction of carbohydrates in respiration so that the 
sugar concentration increases as wilting approaches. Mo- 
nosaccharides are always observed among the sugars ac- 
cumulated. A reduction in the carbohydrate content of 
sunflower leaves approaching wilting was noted by 
Smirnova [5]. Tageeva [6] worked with leaves of win- 
ter wheat grown under differing water supply conditions. 
They both noted that yield decreased with increasing 
drought and explained it as the result of a general de- 
crease in the accumulation of organic material and de- 
trimental conditions for translocation of accumulated 
organic materials from the vegetative organs to the grain. 
In the opinion of Tageeva accumulation of carbohydrates 
since they do not flow from the leaves into other organs, 
indicates that unfavorable conditions exist for transloca- 
tion of organic materials. 

Changes in the amount of carbohydrates in plants 
caused by a disturbance in the water balance are closely 
linked to changes in activity of the carbohydrases. Dis- 
appearance of starch and the accumulation of mono- 
and disaccharides in wilting leaves clearly attests to the 
strong hydrolytic activity of the amylases [7, 8]. 

A decrease of water in the leaves with prolonged 
wilting itself precipitates a change in the amount of 
leaf dry matter which disrupts photosynthesis, respiration 
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and other physiological and biochemical processes. While 
reading through these studies we became interested in 
the effect of leaf wilting upon the redox regime of 
plants. It has already been shown that the redox poten- 
tial of plant cell contents, as in other systems, depends 

to a great extent on the redox of the sugar-forming sys- 
tem. 

We carried out our experiments with the carbohy- 
drate system using fresh (turgid) and wilting or wilted 
leaves in order to obtain a significant redox potential 
along with indices of the amount of various forms of 
carbohydrates. Since it has been suggested that a cor- 
rect understanding of the shift in physiological and bio- 
chemical processes occurring in water-deficient plants 
can be obtained by studying the effect of wilting of ex- 
cised leaves and the wilting plant as a whole, all of 
our analyses were made in parallel using the following 
material; 1) excised leaves, fresh or subjected to wilt- 
ings 2) leaves on the plant, fresh or wilting. We have 
already described the methods used [9]. 

From our experiments (replicated three times) we 
obtained data characterizing the effects of leaf wilting 
on carbohydrate conversions of excised and attached 
leaves (Table 1). 

The data in the table show that the total amount 
of soluble sugars in the leaves of different plants varies 
unequally during wilting. In smoking tobacco and opium 
poppy the amount of soluble sugars is quite large. The 
amount of these sugars inTurkish tobacco is 7.5% greater 
than average. In cucumber the reverse occurs. During 
wilting the amount of soluble sugars in these leaves de- 
creases nearly 30% 

The large water loss by wilting cucumber causes 
profound changes in the physiological and biochemical 
processes going on in the leaves. The consequence is 
a reduction in soluble sugars which to a large extent 
are broken down anaerobically. Wilting of excised 
leaves is accompanied by a strong decrease in starch 
content. 

By far the greatest reduction in starch content is 
observed in wilting leaves of smoking tobacco and cu- 
cumber where the starch content is on the average 30% 
‘below that in the control leaves. The starch content 
of opium poppy leaves and Turkishtobacco leaves was 
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TABLE 1. Amount of Carbohydrates in Wilting Leaves (control as 100%) 


Year 
determined 


Plant 


Soluble 


Sugar 


Starch 
+ starch 


sugar 


Smoking tobacco 1947 
Opium poppy 

Turkish tobacco 1948 
Nerosimye cucumber 


Leaves attached 
oomionye cucumber 111.4 51.6 63.5 
Red bea 1947 125.8 33.0 63.7 
Millet 138.0 36.2 56.6 
Nerosimye cucumber 112.5 39.7 58.4 
Red bean 1948 425.9 26.4 59.4 
Millet 159.5 32.5 79.5 


Excised leaves 


145.7 27.5 63.4 
126.7 45.7 69.9 
107.5 40.4 57.8 

71.5 31.4 41.2 


TABLE 2 Carbohydrate Content of Original, Control and Wilted Leaves 


Soluble sugars 


Starch Starch + sugars 


Plant before | control |wilted ; before} control |wilted | before |control | wilted 


Smoking tobacco | 1.7 2.8 3.5 7.9] 17.9 3.6 9.7 10.8 7.0 


Nerosimye cucum4 1.6 2.8 3.5 8.5 | 8.3 4.6 10.2 11.0 8.1 


ber 


reduced less than in leaves of cucumber and smoking 
tobacco, but nonetheless it was appreciable. Starch con- 
tent fell to 50-60% of the initial value. 

As a general rule the total carbohydrate content of 
wilting leaves was reduced. The greatest reduction in 
total carbohydrate content occurred in cucumber, where 
it fell to 41.2% of the control value. That carbohydrate 
loss in cucumber was maximal apparently is caused by 
their patticularly severe wilting. 

The soluble sugar content also decreased in leaves 
wilted while attached to the plant. In millet and beans 
the amount of soluble sugars decreased to 25-59% of con- 
trols. The differing amounts of soluble sugars in wilting 
leaves of millet in 1947 and 1948 is presumed to be due 
to a difference in the degree of wilting, non-uniform 
starch hydrolysis and variable decreases in the totalled 
carbohydrates (starch + sugar). 

Whenthe entire plant is wilted, starch content de- 
creases abruptly because of hydrolysis. The greatest re- 
duction in starch content was observed in wilting leaves 
of beans and millet (26-32% of the control). The great- 
est reduction of total carbohydrates occurred in millet 
leaves during 1947. In general, wilting of attached and 
excised leaves resulted in similar types of changes in 
carbohydrate metabolism: 1)a rise in the amount of so- 
luble sugars; 2) a sharp fall in starch content; 3) an 
appreciable decrease in total amount of carbohydrates 
(starch + soluble sugars). 


As we commented above, a number of workers have 


attestedtc the sugar-forming redox system as the most 
important one involved in creating a redox regime. 

An increase in sugar content during wilting, which 
we have shown to occur, would be expected to reduce 
the Eh in the cells of the leaf tissues. In reality our 
measurements have shown [9] that the Eh values in- 
crease and the reducing power decreases in both excised 
and attached leaves. Therefore, wilting shifts the redox 
system of the leaves in an oxidative direction. This can 
be explained as follows. At low values of Eh the redox 
system is established by only the active forms of sugar 
(i.e., formed during photosynthesis). In our experiments 
the sugar content increased as a resuit of _ polysac- 
charide hydrolysis (starch). These sugars are, evidently, 
in the non-reactive form and 2-2 not able to form a re- 
dox system with a low Eh. At che same time,in the cells 
of wilting leaves the active sugars formed during photo- 
synthesis are gradually converted to inactive forms. The 
data from other workers [10],as well as our own, support 
this statement. 

We have conducted a number of experiments with 
tobacco and cucumber plants. 

Excised leaves of tobacco and cucumber were sep- 
arated into three equal groups. One group was spread 
out on a laboratory table to wilt for nine hours. The 
petioles of the second group were put into water (con- 
trols). Both groups received the same illumination. The 
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TABLE 3. Redox Regime and Reducing Power in Original, Control and Wilted Leaves 


Parame- 
ter, E, 
H, H 


Plant Initial 


Control 


Reducing power 
|control| wilted 


Wilted |ini= 


tial 


Smoking tobacco 


Nerosimye cucumber 


third group of leaves was immediately analyzed for the 
amount of starch and soluble sugars. In addition, the 
pH, Eh and reducing power of these leaves were deter- 
mined. After nine hours the amount of starch and solu- 
ble sugars as well as pH, Eh and reducing value were de- 
termined in both wilted and control leaves. 

Table 2 shows that there was an appreciable in- 
crease in soluble sugars in control (turgid) cucumber 
and tobacco leaves in the light compared to their origin- 
al content. On the average the amount of starch in con- 
trol leaves standing for nine hours in the light was chang- 
ed little. The total amount of carbohydrates in con- 
trol leaves increased compared to the original content. 

We observed an increase in sugar accumulation 
(evidently in the active form) in control leaves, which 
is doubtless the result of photosynthesis and should de- 
press the Eh. This is actually what happened (Table 3). 
The Eh of cucumbers decreased 7.3 volts and of tobacco 
14.7 volts. It should be noted that (compared to the 
original) in control leaves of cucumber the pH remain- 
ed unchanged,but appreciably increased in tobacco 
compared to control leaves. 

The variation of rH in relation to pH in control 
leaves of cucumber and tobacco compared to the original 
values were contradictory. The rH in cucumber con- 
trol leaves compared to the original values without 
doubt did decrease, but in tobacco it increased. The 
reducing power in control leaves compared to the orig- 
inal increased in cucumber and tobacco by two units, 

In the experiments discussed,the amount of reducing 
sugar increased in wilting leaves, the amount of starch 
fell abruptly, and the total amount of carbohydrates 
decreased appreciably. From these data a certain pic- 
ture of changes in the redox regime is obtained nine 
hours after leaves are excised from the plant, as well 
as in turgid and wilted leaves. In all cases the Eh de- 
creased in turgid leaves, the rH decreased in cucumber 
and increased in tobacco (with cell alkalinization),and 
the reducing power increased. In wilted leaves Eh and 
rH increased and reducing power decreased. 

The following conclusions can be drawn from this 
data; in excised turgid leaves (in the light), the re- 
dox regime shifts toward the oxidized side.while in 
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excised wilted leaves the redox regime shifts to the re- 
duced side. This difference in the way that the redox 
regime changes can be explained by saying that the 
amount of sugar in the active form increases in turgid 
leaves, while the amount of active sugars decreases in 
wilted leaves. 


SUMMARY 


1, Wilting of leaves, both attached and excised, 
causes an increase in the total amount of soluble sugars, 
An exception to this occurs in the leaves of cucumber, 
in which the amount of soluble sugars decreases, doubt- 
less because of very profound wilting, which causes a 
greater expenditure of sugars in energy processes, The 
total carbohydrate content appreciably decreases during 
wilting, 

%. Despite the increase in soluble sugars in wilting 
leaves, neither Eh nor rH decreases. This isinconsistent 
with the suggestion that an increase in sugar content, 
which apparently forms a very important redox system 
with a low Eh, should shift the redox regime of the cells 
toward the reduced side. 

A decrease in Eh (and rH) can be a result of pho- 
tosynthesis, which causes the formation and accumula- 
tion of sugars, apparently in the active form. 

3. During wilting the sugars which accumulate in 
the leaf as a product of starch hydrolysis will be in- 
active and do not form an oxidation-reduction system 
with a low Eh value. In this way the increase in Eh 
(or rH) of the cell contents during wilting can be ex- 
plained by an accompanying increase in the sugar con- 
tent. Krasinskii [11] proposed such an explanation in 
which inactive sugars do not play a substantial role in 
creating a certain oxidation-reduction potential. 
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WATER RELATIONS OF SOME HYGROPHYTES 


N. I. Antipov 


Botany Department, Ryazan State Pedagogical Institute 


Translated from Fiziologiya Rastenii, Vol. 8, No. 3, 


pp. 284-293, May-June, 1961 
Original article submitted November 27, 1959 


It is well known that plants growing in our fresh 
waters play an important role in nature and in human 
life. They nourish many animals, their beds are usual- 
ly a spawning ground for fish, and some of them (Phrag- 
mites, Scirpus, Typha) are now being used more and 
more for constructional work. Yet the special physiolo- 
gical features of these plants have still received very 
little study. Since Warming [1] at the end of last cen- 
tury divided plants into three ecological groups — xero- 
phytes, mesophytes and hygrophytes — and gave a short 
ecological and physiological characterization of each 
of them, little research has been done on aquatic plants. 
Published information on the vital processes of the main 
‘representatives of this large group are scattered and 
sketchy. In particular, very little is known about the 
special features of the water relations of these plants. 

N. A. Maksimov [2] was the first to give attention 
to the relation of hygrophytes to drought. In a study of 
the water relations of water plantain — a typical plant 
in waters—he found that its leaves were incapable of 
enduring prolonged wilting, and even with a slight de- 
crease in water content they begin to dry up and die with 
no apparent signs of loss of turgor. In N. A. Maksimov's 
graphic expression, water plantain is completely unable 
to wilt. 

P, A. Genkel' [3] showed that hygrophytes, as dis- 
tinct from xerophytes, are incapable of adapting them- 
selves to soil drought during their ontogenesis. In his 
definition “hygrophytes are plants which dwell in damp 
habitats and which cannot tolerate a great water defi- 
ciency nor adapt themselves to the effect of soil drought.” 

A. M. Arnshtein [4] and V. L Kuznetsov [5] con- 
ducted investigations in which they compared the rate 
of evaporation from an open water surface and from a 
surface occupied by plants. It was found that evapora- 
tion of water from a surface covered by floating leaves 
of plants was less than that from a free surface [4]. Ac- 
cording to other data[5], evaporation from a surface 
occupied by Lemna, Nymphaea and other plants is 
almost equal to or a little less than that from an open 
water surface. Yet the evaporation from a surface oc- 
cupied by half-submerged plants — Typha, Carex, Scir- 
pus, Phragmites or Equisetum — is much higher than 
that from an open water surface. 


Such studies were also conducted by Kiendl [6], 
whose results indicated that water evaporates at a much 
higher rate from beds of Phragmites and Glyceria than 
from an open water surface. Weakly developed beds of 
Phragmites and Glyceria give off water at a much higher 
rate per unit wet weight than thick beds. The same 
thing was noted [7] in the case of Iris and Glyceria in 
marshes and artificial water basins. This feature was 
attributed by Kiendl [6] to the fact that weakly devloped 
beds, where the stand is thin, are exposed to more wind 
action and sunlight. Thin beds give off less water per 
unit area than thick beds. In addition, it was found 
that the lower leaves of water plants transpire less than 
the upper leaves. 

Our research on aquatic plants was conducted on 
cutoff lakes on the R. Vozha —a right tributary of the 
Oka—in the vicinity of the villages Voinyukovo and 
Bagramovo, Rybnoe District, Ryazan Region. We inves- 
tigated the following plants; Phragmites communis Trin., 
Scirpus lacustris L., Typha latifolia L., Butomus umbel- 
latus L., Sparganium simplex Huds., Alisma plantago 
aquatica L., Sagittaria sagittifolia L., Stratiotes aloides 
L., Lythrum salicaria L. and Stachys palustris L. For in- 
vestigation we took plants in which the roots and lower 
part of the stems or leaves were in the water. With 
Scirpus lacustris we used stems instead of leaves. 

At the same we studied some mesophytic plants - 
Trifolium pratense L., Eryngium planum L., Cichorium 
intybus L. and Geranium pratense L. — growing on the 
water meadow near the cutoff lakes. 

The study of the plants mainly involved determina- 
tions of the transpiration rate, the water content of the 
leaves and the heat resistance of the cells. The trans- 
piration rate was determined by L. A. Ivanov's method 
— a torsion balance was used to determine the water 
loss in three minutes from a detached leaf in threeex- 
periments four times a day in bright sunny weather. In 
the study of the transpiration rate we determined the re- 
lative humidity of the air by Assmann's psychrometer, 
the air temperature in the sunlight, and the wind speed. 

The water content in the leaves was determined 
by drying them to constant weight at a temperature of 
105°. The heat resistance of the cells was determined 
by the method devised by Genkel* and Tsvetkova [8]. 


| 
- 


— 1958-1960. 


May 5 


The investigations were conducted over three years 


The transpiration rates were determined at four times 
during 1959 — June 5 and 8, July 1 and 2, July 20 and 21. 
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Fig. 1, Transpiration rates of different species of plants 
(in mg per 1 g of fresh weight per hr), A: 1) Trifolium 
pratense; 2) Eryngium planum; 3) Alisma plantago aqua- 


tica; 4) Stachys palustris; 5) Stratiotes aloides; 6) Phrag- 


mites communis; 7) Scirpus lacustris, B: 1) Cichorium 


intybus; 2) Geranium pratense; 3) Lythrum salicaria; 4) 


Sagittaria sagittifolia; 5) Butomus umbellatus; 6) Typha 


TABLE 1. Precipitation (in mm) During 
Period of Measurements in 1959 


Precipitation in ten-day periods 
Months I II Ill 
May 3.4 24.3 22.5 
June 11.2 110.1 16.1 
July 13.3 23.7 1,2 
August 9.2 12.0 15.2 
Septembey 12.3 24.3 13.4 


August 11 and 12. The water supply of the mesophytes 
at these times was different. This can be inferred from 
the precipitation on the area where the plants were 
studied. Before the first two determinations of the tran- 
spiration rate there had been considerable rainfall, and 
the plants at those times had an adequate water supply. 
Before the third determination there had also been some 
rain, but in smaller amount, and the plants were not so 
well supplied with water. In the period before the fourth 
determination there had been a dry spell with only slight 
rainfall (Table 1). In the last case the mesophytic plants 
were obviously experiencing the effect of inadequate 
water supply. The part played by ground water in the 
water supply of the plants could hardly have been sub- 
stantial, since such water lay at a depth of about 4 m. 


June 19 


Hours 


Fig. 2, Transpiration rates of different species of plants 
(in mg per cm? per hr), 1) Trifolium pratense; 2) Alisma 
plantago aquatica; 3) Phragmites communis; 4) Scirpus 


latifolia; 7) Sparganium simplex, 


lacustris, 
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TABLE 2. Meteorological Conditions Affecting Transpiration (1959 experiment) 


the abundant water supply due to their growth in water, 
generally transpired much less than mesophytes. The 
latter, even during dry periods, when the water supply 
was low, had a relatively high transpiration rate. The 
1959 data on transpiration rates are given in Figs. 1 and 
2. 

We believe that the lower transpiration rate of hy- 
grophytes as compared with mesophytes is mainly due 
to the lesser intensity of weather factors in the layers 
of air where the leaves and stems of these plants occur. 

Table 2 shows that in the sites where the hygrophy- 
tes grew, the relative humidity of the air above the wa- 
ter was higher, the air temperature lower, and the wind 
speed less, than above the soil surface on the parts of 
the meadow where the mesophytes grew. In the majori- 
ty of cases there was no wind above the water near the 
investigated plants. 

Figure 1 also shows that different hygrophytes had 
very different transpiration rates. Such hygrophytes as 
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a Relative humidity | Air temperature, Wind speed, 
Hours of of air, % m/sec 
Date Gueratiom over soil over soil over soil 
over over over 
on mea- on mea- on mea- 
water water water 
a dow | | dow dow 
<a June 5 8—9 82 16 19 19 0.7 2.0 
- 41—12 65 52 19 20 0.6 1.4 
14—15 54 36 20 24 0.9 1.8 
17—18 58 54 19.5 19.5 0.5 1.3 
June 8 8—9 68 55 22.5 23 0 1.3 
41—12 60 36 25 25.5 0 2.2 
44—15 63 46 25 26.5 0 1.5 
17—18 76 54 23 25 0 1.0 
July 1 8—9 77 14 24.5 25 0 0.6 
41—12 70 61 26.5 30 0 0.7 
14—15 64 53 26 28 0 0.8 
147—18 78 62 25 26.5 0 0.5 
July 2 8—9 72 63 24.5 25 0 1.4 
41—12 59 49 28 29 0.6 1.9 
14—15 60 47 29 30 0.4 1.6 
i 17—18 84 14 24.5 26 0 0.3 
| July 20 8—9 83 73 20.5 20.5 0 1.2 
NI 41—12 72 67 22.5 25 0 1.0 
a 14—15 59 48 24.5 26 0 0.4 
7 17—18 65 59 23 23.5 | 0 0.6 
71 July 21 8—9 83 72 24 22.5 0 1.3 
| 41—12 69 64 24 26.5 0 1.4 
nei 14—15 73 58 25 27 0 4.5 
- 17—18 70 53 23 24 0 0.8 
f- August 11 8—9 78 66 49 20 0 4.2 
eas 41—12 64 50 21.5 24.5 0.7 1.3 
14—15 67 57 24 22 0 0.2 
ere 17—18 68 55 19.5 20.5 0.6 2.0 
no August 12 8—9 76 37 16 18.5 | 0.6 2.3 
; 41—12 66 54 20 23 0.5 2.0 
14—15 63 38 20 22 0 2.0 
7 47—18 70 45 18 18.5 0 2.2 
= Our observations showed that hygrophytes, despite Phragmites communis, Scirpus lacustris and Sparganium 


simplex transpired less than the other hygrophytes. 


To obtain fuller information on the loss of water 
by the plants we expressed the 1960 data on transpira- 
tion rates in mg per cm? per hr. Figure 2 shows that 
even in this case the typical mesophyte Trifolium prat- 
ense transpired at a much higher rate than the hygro- 
phytes. As regards hygrophytes, Phragmites communis 
gave off least water per unit transpiring surface, and 
Scirpus lacustris gave off most. The latter result is due, 
of course, to the fact that Scirpus lacustris, owing to the 
stem, which performs the function of leaves, has a 
smaller transpiring surface than any of the other plants. 
The data given below show that in comparison with the 
other plants Scirpus lacustris has the least surface per 
unit of fresh weight. 


The transpiring surface (in cm?) per g fresh weight 
in the different species of plants in the 1960 experiment 
was as follows; 


Date of de- Phragmites Scirpus Alisma plan- Trifolium 
termination communis lacustris tago aquatica pratense 


June 19 59.4 34.9 50.9 63.0 


July 15 70.1 31.7 54.7 69.3 
August 23 10.0 34.1 61.6 70.4 


Phragmites communis and Scirpus lacustris, which during hot weather than the other plants. For this rea- 
have a low transpiration rate per unit weight, are evi- son it is no accident that they are more heat resistant. 
dently subjected more to the action of high temperature The death points (in °C) of the cells of the different 
species of plants in 1960 were as follows: 


June July August 
Plant 6-9 9-12 17-20 


Phragmites communis 57 
Scirpus lacustris 

Typha latifolia 

Butomus umbellatus 
Sparganium simplex 
Alisma plantago aquatica 
Sagittaria sagittifolia 
Stratiotes aloides 
Lythrum salicaria 
palustris 
Trifolium pratense 
Eryngium planum 
Cichorium intybus 
Geranium pratense 


From these data we see that the death point for A determination of the water content of leaves 
cells of Phragmites communis, Typha latifolia. and showed that in this respect there was no distinct differ- 
Scirpus lacustris was higher than that for the other plants. ence between the investigated hygrophytes and mesophy- 
The relatively high heat resistance of the cells of these _tes. In various species of hygrophytes and mesophytes 
plants enables them to withstand overheating and pro- the water content of the leaves was the same. 
tects their leaves and stems from scorching. The water content of the leaves of the plants (in % 
of fresh weight) in 1959 was as follows; 


July July August September 


Plant 1 23 14 6 
Phragmites communis 
Scirpus lacuctris 

Typha latifolia 

Butomus umbellatus 
simplex 
Alisma plantago aquatica 
Sagittaria sagittifolia 
Stratiotes aloides 
Lythrum salicaria 
Stachys palustris 
Trifolium pratense 
Eryngium planum 
Cichorium intybus 
Geranium pratense 


49.7 
61.5 


WE 

=> 
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These data show that Phragmites communis and Stachys palustris, and also the mesophytic plants, occu- 
Scirpus lacustris contain much less water than Stratiotes py an intermediate position as regards water content. 
aloides, Sagittaria sagittifolia, Alisma plantago aquati- The highest water content was observed in leaves of 
ca, Butomus umbellatus and Sparganium simplex. The Stratiotes aloides. This, of course, is due to its being 
hygrophytes Typha latifolia, Lythrum salicaria and most adapted to life in water. In fact, this plant is not 


a hygrophyte, but a hydrophyte. 
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In addition, we should note that during the grow- 
ing period there was a greater reduction in water con- 
tent in Phragmites communis, Scirpus lacustris and 
Typha latifolia than in other plants. 

The very low transpiration rate observed in P. com- 
munis and S. lacustris, the relatively high heat resistance 
of the cells, and the low water content of the leaves 
indicate the presence of xeromorphic features in these 
plants. This view is borne out by the number of stomata 
in the epidermis. Reingard[9] made a count of the 
stomata in the leaves of a number of aquatic plants. He 
showed that the number of stomata in the leaves of 
these plants was proportional to the degree of develop- 
ment of intercellular spaces and that the formation of 


Plant 


Phragmites communis 
Scirpus lacustris 
Typha latifolia 
Butomus umbellatus 
Sparganium simplex 
Alisma plantago aquatica 
Sagittaria sagittifolia 
Stratiotes aloides 
Lythrum salicaria 
Stachys palustris 
Trifolium pratense 
Eryngium‘ planum 
Cichorium intybus 
Geranium pratense 


As these data show, the number of stomata in Phrag- 
mites communis, Scirpus lacustris, and in Typha lati- 
foliaswas much greater than in any of the other inves- 
tigated plants. 

Owing to the presence of the numerous stomata,P. 
communis and S. lacustris are able to regulate their 
water conditions and, in particular, to reduce water loss. 
In hot weather detached leaves of P. communis fold 
up into a tube within two or three minutes. This prop- 
erty is evidently one of the adaptations to reduce wa- 
ter loss. The xeromorphic structure of S. lacustris is 
clearly demonstrated by the almost total reduction of 
the leaves. As the above data show, T. latifolia is very 
similar in several features fo P. communis and S. lacus- 
tris. In T. latifolia there are numerous stomata, the 
leaves as a whole have a low water content, the cells 
have a high resistance, and in most cases the transpira- 
tion rate is relatively low. 

We attribute the presence of xeromorphic features 
in P. communis and S. lacustris to the following causes. 
Like many aquatic plants, P. communis and S. lacustris 
have a highly developed intercellular aerenchymal sys- 
tem, which presumably supplies their underwater organs 
with the atmospheric oxygen required for respiration. 
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Upper side of 


None tound 
None found 


None found 


stomata took place under the action of pressure produ- 
ced on the epidermis by gases and water vapor accumu- 
lating in the intercellular spaces. In addition, he found 
that the number of stomata in the leaves of some plants 
increased rapidly from base to apex and that it depended 
on the environmental conditions. In particular, plants 
growing in the sunlight have more stomata than plants 
growing in the shade. 

Our data on the number of stomata in the leaves 
of aquatic plants are close to those obtained by L. V. 
Reingard. To count the number of stomata we cut off 
a piece of epidermis near the leaf apex. 

The numbers of stomata (per mm?) on the upper 
and lower side of a leaf in the different species of 
plants were as follows: 


Lower side of 


leaf leaf 
737.9 
212 
501.6 
48.9 
106.2 
40.4 
43.4 
39.7 


43.7 
84.8 
29.9 
47.3 
38.7 
145.8 
97.3 
248.8 
184.4 
142.7 
145.4 


126.8 
126.2 
99.0 


Intercellular spaces occupy most of the interior of the 
stems, flowering shoots and leaf stalks of aquatic plants. 
Hence, the water-conducting system, represented by 
xylem, is not so well developed in aquatic plants as in 
mesophytes, and it occupies a small volume of the in- 
terior of stems and leaves (Fig. 3). Thus, to accomplish 
respiration aquatic plants must have a well-developed 
intercellular system and a poorly developed conducting 
system. For plants with low stems and leaves such a 
relative development of the intercellular spaces and 
xylem does not lead to any difficulties in the transloca- 
tion of water, since their aerial organs, situated just 
above the water in an atmosphere saturated with water 
vapor, give off relatively little water during transpira- 
tion. P. communis and S. lacustris, which have tall 
stems, are more subject to the effect of weather factors 
promoting transpiration. Owing to the presence of high- 
ly developed intercellular spaces they do not have a 
well-developed conducting system capable of transport- 
ing sufficient water to the upper parts of the stems and 
leaves. The difficulty of supplying water to the upper 
organs is the reason for the xeromorphic structure of 
these two species. It is clear from the above that the 
xeromorphy of P. communis and S. lacustris owes its 
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Fig. 3. 


Transverse section of Scirpus lacustris (A) and Trifolium pratense (B). 


origin to the contradiction between water relations and 
the respiratory gas exchange. 

This is evidently also the reason for the xeromorphic 
structure of some bog plants. In our opinion, the xero- 
morphy of these plants is not due to the physiological 
dryness of bog soils nor to poor water supply, but to 
the presence of well-developed intercellular spaces and 
relatively weakly developed xylem, which cannot trans- 
mit enough water to the leaves. Sitnikova [10] has ob- 
tained some extremely interesting facts about the water 
relations of bog plants. The data on the transpiration 
rate and water content of the leaves of these plants were 
similar to our data obtained in the study of Phragmites 


As Timiryazev established [11], the distinctive 
anatomical structure of xerophytes is a result of the con- 
flicting requirements between water retention and the 
gas exchange occurring during photosynthesis. Thus, 
the xeromorphic structure of ecologically different groups 
of plants is due to the same cause — the conflicting re- 
quirements between water retention and gas exchange. 


SUMMARY 
1. The hygrophytes Phragmites communis, Scirpus 
lacustris, Typha latifolia, Butomus umbellatus, Spargani- 
um simplex, Alisma plantago aquatica, Sagittaria 
sagittifolia, Stratiotes aloides, Lythrum salicaria and 


communis and Scirpus lacustris. 

The reason for the xeromorphy of aquatic and bog 
plants is very probably similar to that for the xeromorphy 
of a number of xerophytes, particularly euxerophytes. 


Stachys palustris transpire less than the meadow meso- 
phytes Trifolium pratense, Eryngium planum, Cichori- 
um intybus and Geranium pratense. This is due to the 
fact that above the water in the hygrophyte habitats the 
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relative humidity is higher, the air temperature lower, 
and the wind speed less, than above the soil surface on 
the meadow where the mesophytes grow. 

2. The investigated hygrophytes differ considerably 
from one another in their water relations. In Phragmi- 
tes communis and Scirpus lacustris the transpiration 
rate is lower, the heat resistance of the cells higher, and 
the water content of the tissues less, than in the other 
hygrophytes. 

3. The low transpiration rate, high heat resistance 
of the cells, low water content of the tissues, and numer- 
ous stomata in Phragmites communis and Scirpus lacus- 
tris indicate the xeromorphy of these plants. They can 
be regarded as xeromorphic hygrophytes. 

4. In its water relations Tvpha latifolia is very si- 
milar to P. communis and S. lacustris, 

5. The xeromorphic structure of P. communis and 
S. lacustris is due to the absence of a well-developed 
conducting system capable of supplying sufficient wa- 
ter to the aerial organs — the comparatively high stems 
and leaves. The xeromorphic structure of these plants 
owes its origin to the conflicting requirements of water 
retention and gas exchange. 
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The physiological differences in quality of aerial 
plant organs in accordance with their levels and meta- 
mers are generally known, This is clearly accounted for 
in various investigations. But a similar difference in 
the quality of organs also occurs in the plants’ under- 
ground portion [1-4]. However,the investigators paid 
little attention to it and therefore frequently encount- 
ered misunderstandings and contradictory results. 

Especially marked differentiation is encountered in 
the root system of cereals. Thus, in corn's intricate 
root system the following height levels are clearly note 
the primary embryonic root, accessory embryonic roots, 
the mesocotyl, subcoleoptic, nodal roots of the primary 
shoot and nodal roots of the lateral shoots. In their turn, 
roots of the primary shoot are divided into height levels 
of the 1st, 2nd, 3rd and other basal nodes; the so-called 
aerial supporting roots originate in the overground nodes. 
And finally, levels of nodal roots are also formed on each 
lateral shoot. 

The number of roots at different levels varies. Even 
within the same level the number varies considerably 
depending on the variety, weather conditions and plant 
care, but the limits of variation in the number of roots 
is quite specific at each level [5]. 

Roots at a given level also differ from others in many 
features, such as; the location and time of formation on 
the plant; the depth of embedding and penetration into 
the soil; the width and horizontal spread and the angle 
of branching out from the plant; their length, thickness 
and anatomical structure; the rate of their lateral branch- 
ings; and consequently also by the dimensions of the soil 
area they utilize at different periods of plant life. 

One of the most important features of roots at vari- 
ous levels is their specificity to requirements of external 
environments and their reaction to the resulting condi- 
tions. The previously mentioned variations, of course, 
also determine the various functional activities of in- 
dividual roots, such as absorption of substances from the 
soil, supplying them to the plants, as well as the conver- 
sion of various substances. 

The aim of this communication is to show, taking 
the example of water absorption, the qualitative differ- 
ence of roots at various height levels, to call this to the 


attention of investigators, and to briefly acquaint them 
with the method for its study. It is especially timely 
now since a continually increasing interest has been re- 
cently displayed in the metabolism of roots. Moreover, 
scientific knowledge of the physiological activity of 
roots at different levels is quite scanty, while the known 
data on water absorption were obtained exclusively on 
artificial water cultures. Therefore, regular rules estab- 
lished in this manner cannot by any means be fully re- 
lated to plants cultivated on natural soils. This study 
was conducted in natural field environments. 

METHODS 

Investigations were conducted in 1957 and 1959 on 
experimental fields of the Saratov Agricultural Institute 
located in the Saratov region. During the last decade 
the Saratov region along the Volga suffered a severe 
drought. During both seasons the soil drought was ac- 
companied by an atmospheric one. In 1957 the corn 
planting was conducted on a vegetable garden plot, on 
a somewhat low, moist soil. The agrotechnical method 
of corn cultivation was the generally accepted one for 
the district, the variety-Severodakotskaya (North Dakota). 
The rate of water absorption by the individual roots was 
determined by a field method using individually fitted 
absorbers. This method measures the bleeding sap as 
suggested by D. A. Sabinin [6]. In this case a separate 
determination was made of the amount of sap exuded 
by each root. For this purpose the shrub node of the 
plant growing normally in the field is dug out by an awl. 
Roots freed at the base from the soil are identified and 
cut from the plant. An absorber is attached to the freed 
base of each root. 

The absorber consists of a glass ampoule of 4-5 ml 
capacity with a thick-walled tubular outlet. The latter 
has a diameter of 5-6 mm and is nearly 20 mm long. 
3.5-4.5 g of anhydrous calcium chloride is introduced 
into the ampoule; then a loose small plug of cotton is 
put in at the base of the tube. On the outside the tube 
is closed with a plastic cork. When the ampoule is fitted 
on the root an opening of suitable diameter is made in 
the cork. The base of the root is inserted into it, com- 
pressed by the plastic, and at once the time of starting 
the experiment is noted. 
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The best exposure period for corn is 5 to 10 hours; 
it should be prolonged to 10 hours in times of drought, 
but should be diminished to 5 hours or less on wet days. 

The water absorbed by the root from the soil and 
subsequently exuded as sap is absorbed by the calcium 
chloride. By weighing the ampoule before and after the 
experiment, the difference in quantity of water absorb- 
ed by a given root is established. At each level on 
each of 2 experimental plants 3 roots are used for 
calculation. From the results obtained the average 
amount of water absorbed by one root at a given level 
(in mg/hour) is calculated. 

The study of roots by the described method in sec- 
tions at separate levels makes it possible to establish 
a number of interesting rules in the water supply of corn. 
As an example let us take the sap exudation. 

It is known that in the arid districts of the south 
and southeast in this country the bleeding sap exuda- 
tion frequently ceases completely; instead of sap exuda- 
tion a reverse phenomenon is observed, that of sucking 
in of water by stumps of cut-down plants [7]. In such 
cases the established opinion is that the root pressure is 
reduced to zero and any study of sap secretion and re- 
lated problems becomesimpossible. 

However, a study of separate roots by the method 
described definitely shows that in the most arid years 
the bleeding sap exudation of plants not only exists, but 


can be calculated. In corn, for instance, during drought 
when the general sap exudation of the cut-down plant 

is reduced to a negative magnitude, the sap exudation 
from some most active roots may reach considerable 
magnitudes. It is true that most other roots exude no 
sap at all, though there are also some that have weak 
sap exudation. 

The differing velocities of bleeding sap exudations 
and, consequently, of their water absorption is related 
to features of origin and formation of various roots as 
well as with their environments. Roots which at the 
time of measurement had developed with greater vigor 
branched out and possessed a greater vitality, absorbed 
water at a higher rate. But this is not all. Apart from 
the internal state of the root, its internal potential pos- 
sibilities, the quantity of water in the soil layers within 
reach of the chief mass of absorbing portions of the given 
roots is of great importance. The disappearance of 
bleeding sap in most roots during a severe drought is 
explained by the fact that some roots — formed late — 
had had no opportunity to form fully as yet, while others, 
formed at various times, even though well grown, were 
in dry soil layers or in zones dried up by the roots 
themseves. From all thisit ensues that the roots at dif- 
ferent levels differ in the rate of sap exudation and, 
consequently, in the rate of water absorption(table), 


Rate of Water Absorption by Corn Roots at Different Heights in 
Various Stages of Plant Development (in mg/hr; 1957 experi- 


ment) 


Root level 


June 3, ap- jJune 14, ap- 
pearance 
of 5th leaf 


July 7, 
corncob 
flowering 


pearance of 
7th leaf 


Primary embryonic 
Subcoleoptile 
Nodal IL * 

Nodal (II L) ** 


54.8 
13.6 19.9 
37.6 30.9 

4.5 13.3 


11.8 


* Roots from the first basal node of the primary shoot, 
** Roots from the second basal node of the same shoot, 


Typical data of three different experiments are 
given in the table, These conclusively prove the 
physiological differences in the quality of roots belong- 
ing to various levels of the same shoot. 

Clearly, roots of various levels absorb water at dif- 
fering rates. At the beginning of plant life the primary 
embryonic roots performed the absorption most energet- 
ically and the nodal roots of the 1st level (I L),which 
only began to form at the time, least energetically. 
Somewhat later, at the 7th leaf stage, these first nodal 
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roots considerably surpassed the subcoleoptile ones in 
water absorption. At this stage of life the most active 
roots were again the primary embryonic ones and the 
nodal roots of the second level (II L), just beginning to 
form, absorbed only 1/12 of the water the primary roots 
did. 

In the second half of corn's life the preeminent 
importance of supplying water to the plant is transfer- 
red to nodal roots. However, the roles of the primary 
embryonic and subcoleoptile roots is still preserved to 
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a considerable degree. At the stage of corncob flower- 
ing, however, the roots of the 1st level possessed the 
largest capacity of water absorption; the rate of nodal 
roots of the second level rose to the level of the prin- 
cipal and subcoleoptile roots. Later, at the stage of 
milky ripeness, even greater changes occur in the phy- 
siological activity of roots at different levels; the nodal 
roots of the first node are less active than the roots of 
the second node, and these, in turn, are surpassed by the 
roots of the third level (III L). Consequently, the indices 
of water absorption at all levels and at each individual 
level do not remain constant but, on the contrary, con- 
sistently vary during the entire life of the plant. Thus, 
in one of the experiments the following results of water 
absorption by various levels were found at the stage of 
beginning milky ripeness (in mg/hour): 

1. The primary embryonic root 

2. Subcoleoptile 

3. Nodal I L 

4. Nodal II L 

5. Nodal III L 11.3 

6. Nodal IV L 2.6 

7. Nodal roots of the first lateral shoot 3.6 

These figures speak for themselves. The maximum 
absorbing activity at the beginning of milky ripeness was 
transferred to the third level of nodal roots. A consider- 
able role in the plants’ water supply was acquired also 
by the nodal roots of the lateral shoots. The embryonic 
and subcoleoptile, or the so-called primary roots, even 
though numerically smaller than the nodal roots, do not 
cease their water absorption activity even at the stage 
of milky ripeness. They remain vital and active during 
the entire life of the plants. 

The rate of water absorption by roots can vary great- 
ly through the effect of external factors, but their qual- 
itative indices do not disappear, and are preserved. As 
supporting evidencesthese are the data of one experi- 
ment with corn irrigated in 1959 at the 6th leaf stage, 
when water absorption by one root (in mg/hour) was as 
follows: 

Names of root level 


1.8 
2.6 
3.6 
6.1 


Without 
irrigation 


With 
irrigation 


Primary embryonic 18.3 

Subcoleoptile 6.7 12.2 

Nodal from the first node - 15.3 

As seen from the data, in both variants all the root 
levels differed in the rate of water absorption; the em- 


73.8 


bryonic roots in each case absorbed more actively than 
the subcoleoptile and nodal ones from the first node. 
And even a single irrigation (700 m*) exerted a positive 
effect on the activity of all roots. The most active, 
embryonic roots registered the greatest reaction to irri- 
gation, namely; the irrigation increased the activity of 
embryonic roots 4-fold, and the subcoleoptile approxi- 
mately 2-fold. Therefore, the difference between the 
individual roots of irrigated plants also increased greatly: 
without irrigation the embryonic roots absorbed approxi - 
mately 3 times as much water as subcoleoptile ones, 
while with irrigation they absorbed 6 times as much. 
Consequently, irrigation, one of the most important fac- 
tors of activating roots, only enhanced the functional 
qualitative differences in individual roots. The varia- 
tions in water absorption by levels was manifested even 
more Clearly and was more pronounced. 


SUMMARY 

1. The rate of water absorption as one of the most 
important indexes of water supply is subject to variations 
according to level and ontogeny. 

2. A method of individual fittings is suggested for 
objectively reflecting the water absorption picture and 
through this for profounder penetration into the essence 
of the roots’ functional activity at different levels and 
the entire system on the whole. 

3. Primary roots, such as the embryonic and sub- 
coleoptile, preserve their activity of water absorption 
during the entire life of the corn plant. 
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pp. 299-303, May-June, 1961 
Original article submitted June 22, 1960 


Chemical stimulants in potato cultivation are most 
frequently used to disrupt the dormancy period of fresh - 
ly harvested tubers, to inhibit their germination on pro- 
longed storage and to prevent flower shedding [1-2]. The 
use of chemical stimulants to increase plant productiv- 
ity has not been adequately studied as yet except for 
some experiments [3-7]. It is known, however, that in 
tuber germination the first to register growth are the 
main buds of the uppermost eyes. The lateral buds, 
and particularly the navel buds, register growth slowly 
and frequently do not germinate. This decreases the 
formation of stem shoots and affects the potato yield. 

According to the data of numerous investigators 
[8, 9] the physiological tendency of tuber buds to ger- 
minate is closely related to the presence of auxins and 
as the auxin content increases the activity rises. The 
uppermost protion of the tuber is supplied with most 
auxins, where they chiefly concentrate in the zone of 
eye distribution. 

In the process of tuber germination a redistribution 
of growth stimulants occurs which results in the further 
enrichment o1 uppermost eye at the expense of impover- 
ishing other portions of the tuber. This provides an in- 
creased uptake of water, nutrient substances [10, 11] and 
a higher rate of eyelet germination. 

The task of our investigation is to stimulate tuber 
germination by a preplanting treatment with synthetic 
preparations — chemical stimulants. 

The investigations were conducted in a plant phy- 
siology laboratory of the Scientific Research Institute of 
Potato Cultivation in 1956-1957. The treatment consist - 
ed of soaking the tubers for 12 hours before planting in 
solutions of the following concentrations: 0,005%of indole 
acetic acid (potassium salt); 0,002%of sodium salt of 2,4-D; 
0.005% of sodium salt of a-naphthylacetic acid and 
0.002% of succinic acid. The solutions were prepared 
directly before their use. The chemical substances 
were at first dissolved in a small quantity of ethyl alco- 
hol and then added to water. The alcohol used never 
exceeded 1 to 3 ml per liter of aqueous solution. To 
allow for its stimulatory effect, the same amount of al- 
cohol was added to the control solution. The temperature 
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of water used to prepare the solution was 14°. Potato 
tubers, variety Berlikhengen, weighing 70-75 g were 
used in the experiment. 650 tubers were soaked in each 
solution. After removing the tubers from the solution 
they were placed in boxes for 4 hours, covered by a 
dark parchment paper impervious to water before being 
pianted in pots (May 15, 1956) and on experimental 
fields (May 20, 1956,and May 22, 1957). One tuber 
was placed in each pot containing 32 kg of soil. To 
the soil of each pot the following was added; 6 g am- 
monium nitrate, 4 g potassium chloride, and 10 g super- 
phosphate. The plants were grown at 60% of soil humi- 
dity attained by systematic watering. The experiment 
was repeated 10-fold. 

In the field experiment potatoes were planted on 
plots measuring 25 m? (100 plants) and were repeated 
6-fold. Before planting on experimental plots 30 tons 
(calculated per hectare) of manure plus NgpPg)Kgy (ac- 
tive substance) were added. The feeding area was 70 
x 35cm. The soil of the experimental plots was cul- 
tivated peat moss. With a view toward ascertaining the 
effect of chemical stimulants on the tubers, their water 
content (by weight), soluble solids (by refractometer) 
and respiration rate (by the Boysen-Jensen method) were 
determined before planting. 

The results obtained are given in Table 1, 

Investigations showed that when the tubers were 
soaked the result was a greater uptake in the presence 
of the chemical agent than of water. Thus, the relative 
weight gain of tubers placed in stimulatory solutions 
was 19.8-39.7% greater than the weight gain of tubers 
soaked in water. Affecting the water supply of cells, 
the chemical stimulants noticeably altered the charac- 
ter of physiological-biochemical processes in the tubers. 
In such cases the metabolism was stimulated and the 
respiration rate and consumption of reserve nutrient sub- 
stances increased. Laboratory tests have shown that the 
content of soluble solids in experimental tubers decreas - 
ed by 3.2 to 6.4%, and the protein substances by 15.4 to 
30.8%,compared to the control. 

As a result of the increased life activity the experi- 
mental tubers provided better nutrition to eye buds and 
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TABLE 1. Effect of Chemical Stimulants on the Tuber Water Content, Respiration 
Rate and Soluble Solids Content 


Change in Amount of liber- Content of sol- | Content of sol- 


enh ht ated CO», % uble solids in | uble protein in 


with control, tubers tubers 
% of } of % % of 


control control control 


Stimulant 


Water (control) 62.7 100.0 100.0 J 400.0 
Indole acetic acid 


(potassium salt) 73.8 137.7 93.6 x 69.2 
Sodium salt of a- 
acid 63.6 101.4 - 94.4 
Sodium salt of 2,4-D 154.4 . 93.6 
Succinic acid 69.2 129.3 e 96.8 


TABLE 2. Effect of Chemical Stimulation on Tuber germination of eyes located on the uppermost portion, 
Germination but also on the navel portion. At the same time that 
main buds were activated, the lateral ones also germi- 
Average, num- nated. Thus, tubers treated with the sodium salt of 2.4- 
ber of stem D had 12 stem shoots from 9 eyes, while the control had 
shoots per p of only 7. A similar picture was observed in the variants 
Stimulants tuber control treated withindole acetic acid and succinic acid. Treat- 
Water (control) 1 100.0 ment with a solution of the sodium salt of a-naphthyl- 
Indole. acetic acid (potas- acetic acid (in this case) showed no advantage over the 
sium salt) 10 142.8 control. 
Sodium salt of &=naph- The planted experimental tubers (except those treat- 
thylacetic acid 6 85.9 ed by a solution of the sodium salt of a-naphthylacetic 
Sodium salt of 2,4-D 12 171.4 acid) produced sprouts 2 to 3 days earlier than the con- 
Succinic acid ll 157.1 trol. These plants displayed better growth and a more 
Note: The tubers were cultivated in darkness for 25 days vigorous development during the whole period of vegeta- 
at 17 to 20°. tion. However, tubers treated with the sodium salt of 
a-naphthylacetic acid formed sprouts one to two days 
their germination with greater intensity (Table 2). later than the control. These plants were retarded in de- 
The increase in number of stem shoots in treated velopment in the initial period of growth, but subsequent 
tubers was notable not only because of the enhanced ly this lag was gradually eliminated (Table 3). 


TABLE 3. Effect of Chemical Stimulants on Growth and Development of Potato Plants 
(mean data) 


Number of | Height of leafy surface of | Weight of one 
Stimulant stems in plants, cm one bush plant 
bush | | 


Water (control) 
Indole acetic acid 
(potassium salt) 

sddium salt of 
a-naphthylacetic 
acid 


Sodium salt of 2,4-D 
Succinic acid 


| ses 7 49 69.4 100.0 1330 100.0 iS 
men 10 53 83.5 120.4 1640 123.3 Bee. 
6 54 73.5 106.0 1460 109.7 
41 55 88.4 427.5 1730 130.0 
10 52 78.7 | 443.5 | 1540 | 445.7 
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TABLE 4. Effect of Chemical Stimulants on the Yield and Quality of Potato Tubers 


Tuber yield 


Content of 


Stimulant kg per 100 | % of 


plants | control 


vitamin 


C, 


protein, % 
dry weight 


solids, | starch, 


% %o 


Field 
42.9 
49.2 


Water (control) 
Indole acetic acid 
(potassium salt) 

Sodium salt of 
a-naphthylacetic 
acid 


100.0 
114.8 


46.3 


50.5 
48.0 


Field 


108.1 


117.8 
112.0 


Sodium salt of 2,4-D 
Succinic acid 


Water (control) 
Indole acetic acid 


(potassium salt) 
Sodium salt of 
&-naphthylacetic 


acid 


Sodium salt of 2,4-D 
Succinic acid 


100.0 
415.5 


48.5 
56.0 


51.9 


57.6 
53.8 


107.0 


118.9 
111.0 


experiment, 1956 


experiment, 1957 


6.81 
7.53 


16.7 
18.0 


20.5 


22.0 


13.3 
15.9 


7.19 


6.75 
6.40 


22.4 


23.0 
21.9 


15.8 


15.4 
14.9 


6.45 
7.01 


12.9 
15.3 


20.4 


21.4 172 


6.95 


6.514 
6.12 


17.9 


16.8 
16.8 


20.8 14.8 


14.7 
45.4 


21.4 
20.9 


Note: In 1956 the harvest was collected on September 15; in 1957, on September 18, 


A larger number of stem shoots and a better growth 
of experimental plants provided a considerable increase 
in the assimilating surface of leaves,which enhanced 
the increase of plant productivity. In the field experi- 
ment, along with calculating the potato yield, a deter- 
mination was made in selected average samples of the 
solids content (by weight), of starch (by modified Evers 
method), of protein (Barnshtein’s method) and vitamin 
C (Prokoshev's method). 

The results obtained are given in Table 4. 


The data in Table 4 show that on the average the 
2-year preplanting treatment of tubers by chemical sti- 
mulants increased the potato yield by 14.1 to 34.2 cent- 
ners per hectare. The mathematical calculation of the 
results on repeat performances confirmed the yield in- 
creases. In no case did the experimental difference 
exceed 3%. The yield increases on experimental 
plots came from the general increase in the number of 
tubers per plant as well as from the increased weight 
of individual tubers. Thus, when tubers were soaked in 
a solution of sodium salt of 2,4-D the average number 
of tubers per plant was 23 as against 18 for the control, 
while the average weight of marketable tubers was in- 
creased by 9.3% The tubers of the experimental vari- 
ant were distinguished by their better quality, resulting 
in higher solids, starch, protein and vitamin C content 
per hectare. These notable changes in quality indexes 
are especially valuable when potatoes are cultivated 
on bog-peat soils, where, as seen from our experiments, 
tubers contain a larger water content and are of a poor 
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taste. The production of a dry tuber yield in these 
environments is related to an improvement of food, 
fodder and technical value of the potato yield. The 
taste tests conducted by us proved the positive effect 
of preplanting treatment on the taste of potatoes. By 
taste standards the tubers of variants treated by indole 
acetic acid and succinic acid were the best. 

The soaking of potatoes in a solution of the sodium 
salt of a-naphthylacetic acid had less effect on the 
tastefulness and yield of potato tubers in the new harvest 
than the other experimental variants, 


SUM MARY 

1, Preplanting soaking of tubers in a weak solution 
of chemical stimulants such as indole acetic acid (po- 
tassium salt), the sodium salt of 2,4-D and succinic acid 
changes the water economy of tuber cells and increases 
the respiration rate and the utilization of reserve nutri- 
ent substances, 

2. By their action on tubers the physiologically ac- 
tive substances stimulate the germination of eye buds 
located not only on the uppermost but also on the tuber's 
navel portion. This causes the formation of a larger 
number of stem shoots and increases the assimilating 
surface and plant productivity. 

3. It is established that treating potatoes by chemi- 
cal stimulants increases the yield and the content of 
solids, starch, protein and vitamin C in tubers. These 
effects are less pronounced when the tubers are treated 
with a solution of the sodium salt of «-naphthylacetic 
acid. 
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LOCALIZATION OF THE GIBBERELLIN REACTION IN PLANTS 
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Numerous experimental investigations [1-8] have 
proven with sufficient certainty that gibberellin, a re- 
cently discovered organic substance of biologic origin, 
is distinguished by exceptionally high physiological ac- 
tivity. Plants affected by gibberellin have a sharp in- 
tensification in growth, their chemical and morpholo- 
gical characteristics are changed, and in a number of 
cases their development is accelerated [6]. The pros- 
pects of using this substance for increasing the yield of 
agricultural plants are alluring. 

The K. A. Timiryazev Institute of Plant Physiology, 
USSR Academy of Sciences, is presently organizing an 
e tensive study of the character and degree of the physi- 
ological activity of gibberellin in many plants under 
very diverse growth conditions. Many scientific institu- 
tions, including the Institute of Botany, Academy of 
Sciences, Kirgiz SSR, are to carry out these investiga- 
tions. 

When studying the physiological activity of gibberel- 
lin, the question arises as to whether its stimulating ef- 
fect is propagated throughout the entire plant or is 
limited to those parts and organs of the plant where this 
substance is applied. 

The results of our experiments with Jerusalem arti- 
chokes and other plants showed that when gibberellin is 
applied as a drop to the terminal buds and when sprayed 
on the plants, it causes growth of the axillary buds, and 
only that part of the stem thickens which is formed above 
the point of spraying or after applying the first drops of 
the solution; the axillary buds below this part of the stem 
remain as in the control plants, in a dormant state and 
their stems are not thickened (Fig. 1). Thus, when the 
top leaves of plants are sprayed, the gibberellin falling 
on the leaves penetrates the leaf tissue, is then trans- 
ferred to the stem, from the stem flows upward to the 
axillary buds and to the termina! buds, where it causes 
the reaction. 

We were interested in finding out whether gibber- 
ellin applied to a shoot can cause a physiological reac- 
tion in adjacent plant shoots. For this purpose we set 
up special experiments with Jerusalem artichokes and 
tobacco. 
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In the experiment with artichokes, we grew the 
plants under continuous illumination, a condition under 
which they usually do not bloom. We topped the plants 
when they were 50-60 cm high. The axillary buds of 
these topped plants by the fifth to eighth day were stimu- 
lated and started to grow. Ten days after topping, all 
axillary buds except the two top ones were removed. On 
one of the two buds remaining on the plant we applied 
one drop of gibberellin in a concentration of 200 mg / 
liter of water daily for 28 days. The second bud was 
left as the control. 

Figure 1B shows one of these preliminarily topped 
plants. Its right shoot is the control and the left shoot re- 
ceived 28 drops of gibberellin solution from the time the 
axillary bud opened. By the end of the harvest the ex- 


rig. 1. Effect of gibberellin on Jerusalem arti- 
choke growth. Tops of plants: A) Plant treated 
with gibberellin is on the right, control on left; 
B) shoot on left developed from axillary bud 
treated with gibberellin, control on right. 
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perimental shoot was 232 cm high and had 39 leaves; 
the control was 112 cm high and had 26 leaves. 

We must note that the analogous shoots of the con- 
trol plants are almost indistinguishable from one another 
as well as from the control shoot on the experimental 
plant. The control and experimental shoots in all cases 
did not bud. 

Thus,the gibberellin reaction of growth in artichokes 
is manifested in shoots stimulated by gibberellin and is 
not transferred from shoot to shoot. This aspect is con- 
firmed by the results of a similar experiment with two 
tobacco varieties carried out directly in the field under 
conditions of the natural photoperiod. These varieties 
are characterized by arelatively short-day photoperiodic 
reaction. 

The variety American 287 was used in the first ex- 
periment. The plant was topped on 2 August at the level 


Fig. 2. General view of the shoots of 
the experimental (right) and control 
(left) plants of tobacco variety 
American 287. The left shoot of the 
experimental plant developed from 
an axillary bud treated with gibberel- 
lin, the right shoot from an untreated 
bud (control). 


of the seventh and eighth leaf; there were three experi- 
mental plants. Five days after topping, all the axillary 
buds except the two upper were removed. Of the two 
remaining buds, which were already starting to grow no- 
ticeably five to six days later and became rudimentary 
shoots, the highest shoot was used as the experimental 
and the other, lower,was the control. 

We applied daily one drop of a gibberellin solution 
in a concentration of 200 mg/liter of water to the ter- 
minal bud of each experimental shoot, beginning on 8 
August. Thirty-six drops in all were applied. 

Control plants were also provided together with the 
experimental plants. The control plants were topped 
along with the experimental plants and their two upper 
shoots left. Neither of these received gibberellin. Con- 
sequently, both were also controls. 

At the end of the growing period, the experimental 


Fig. 3. General view of the shoots of 
the experimental (right) and control 
(left) plants of tobacco variety Talas- 
skii 3036. The right shoot of the ex- 
perimental plant developed from an 
axillary bud treated with gibberellin, 
the left shoot from an untreated bud 
(control). 
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and control shoots of the experimental plants and the 
shoots of the control plants were characterized by the 
following indices; a) the experimental shoot that re- 
ceived gibberellin on the experimental plants was 241 
cm high, the control shoot 120 cm high; b) the shoots on 
the control plants were 125-128 cm high. The shoots 
had 20, 17 and 10-15 leaves,respectively. 

Figure 2 shows the general appearance of the shoots 
on the experimental and control plants. We see that the 
upper and lower shoots of the control plants were almost 
indistinguishable in growth and state of development. 
Moreover, they were slightly higher than the control 
shoot of the experimental plant; the latter was also some- 
what retarded (by two or three days) in blooming. 

The experimental shoots that received gibberellin 
were almost twice the height of the control shoots (see 
Fig. 2). However, their budding and blooming occurred 
at almost the same time as for the latter. 

We should note that the experimental shoots were 
distiguished from the control shoots not only by the 
greater height, greater number and larger leaves, but 
also by the fact that their inflorescences were severely 
elongated, which is not characteristic for this variety, 
whereas in the controls they were compact and, in mor- 
phological features, sufficiently characteristic for the 
variety. The leaves of the experimental shoots were 
noticeably elongated and the stem was thicker than that 
of the controls. 

The shorter growth of the control shoots on the ex- 
perimental plants in comparison with the control shoots 
on the control plants can be explained by the physiolo- 
gical domination of the higher experimental shoot,whose 
intensified growth suppresses the growth of the control 
shoot. 

The results of this experiment show that gibberellin 
causes a distinct stimulation of the shoot growth on top- 
ped plants of this tobacco variety; however,this effect 
is not transferred to an adjacent shoot and, consequently, 
is localized in the shoot which received the gibberellin. 
The latter is not transferred to other shoots, else they 
would also grow vigorously like the experimental shoots. 

A little later (18 August) we set up a similar ex- 
periment with another short-day variety of tobacco, 
Talasskii 3036. This experiment differed from the other 
only in that the experimental shoot was selected not 
from the first, upper shoot, naturally dominating physio- 
logically, but from the second, lower shoot,that is, there- 
fore, physiologically subordinated to the first shoot; the 
upper shoot was the control. As in the first experiment, 
the control plants were topped and only the two upper 
shoots left; however,neither received gibberellin. 

Drops of the gibberellin solution were applied on 
the experimental shoot, which just started to develop, 
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of the experimental plant. Thirty-five drops were ap- 
plied in all. There were three such plants. The applica- 
tion of gibberellin began 24 August. As a result, the gib- 
berellin growth reacticn was also clearly manifested in 
this variety (Fig. 3). The experimental shoots were al- 
most quadruple the height of the control shoots on the 
experimental plant and almost two and a half times 
higher than the shoots of the control plants. 

The shoots at harvest in this experiment were char- 
acterized by the following indices: a) the control shoots 
of the experimental plants were 26 cm high and had nine 
leaves; b) the experimental shoots were 130 cm high 
and had 32 leaves. They bloomed at the same time, 

30 September. It is characteristic that, in contrast to 
the American 287 variety,the leaves of the experimental 
shoots of the Talasskii 3036 variety were elongated more 
severely, but the growth of the control shoot,in spite of 
it being the upper and, therefore, under ordinary condi- 
tions a physiologically dominating position, was severely 
retarded. 

As is apparent in Fig. 3, the control shoot of the 
experimental plant was almost half the height of the 
shoots on the control plant. 

The shoots of the control plants were characterized 
by the following indices: 39 cm high and 17 leaves. 
They were almost a third as high as the experimental 
shoots. 

It is also apparent from this experiment that the 
plants of the Talasskii 3036 variety react more notice- 
ably to gibberellin than American 287 and that the re- 
action of this preparation is localized in the shoot treated 
with gibberellin, The latter in this case apparently is 
not transferred from one shoot to another, Moreover, the 
very vigorous increase in growth of the experimental 
shoot not only did not intensify, but even suppressed, the 
growth of the control shoot, which was characteristic for 
all three experimental plants, 

This is apparently determined by the lower position 
of the experimental shoot on-the experimental plant, by 
virtue of the fact that an especially vigorously growing 
shoot intercepts the nutritional substances which are 
directed with the ascending flow not only to the experi- 
mental but also to the control shoot. Feeding of the 
control shoot is thus severely limited, which results in 
a retardation of its growth. Under the effect of gibberel- 
lin the lower shoot becomes the physiologically dominat- 
ing shoot. 

We must emphasize that all shoots including the ex- 
perimental bloomed, for all practical purposes, at the 
same time and, consequently, the gibberellin in the 
tobacco plants in this experiment intensified the growth, 
but did not have a noticeable effect on the processes 
of shoot development. 


SUMMARY 

1. Gibberellin intensified the growth of only the 
branch shoots of topped plants on whose terminal bud 
it was applied, and it was not transferred from one bud 
to another. Under the effect of gibberellin the axillary 
buds below the application site were not stimulated. 

2. The reaction of plants to gibberellin is localized 
and is manifested only in the growing parts of plants 
located above the application point of this physiologi- 
cally active substance and is not transferred down the 
stem. 

3. Gibberellin in the experimental concentration 
accelerated growth but did not accelerate development 
in the axillary buds of topped tobacco plants under con- 
ditions of a natural photoperiod and in artichokes under 
conditions of continuous illumination. 
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At our present level of knowledge nucleic acids 
play the most important role in fulfilling biological 
functions. We now know that all plants and animal 
cells contain nucleic acids. The distribution of DNA 
and RNA in cells has been studied. Their participation 
in protein synthesis has been proven: in this case the 
tole of the matrix belongs to RNA; the data has been 
confirmed concerning its energetic role as a result of 
the formationof energy-rich phosphorylated complexes 
of RNA [1-4]. 

The importance of nucleic acids in building the 
cellular structure and, in particular, in synthesizing non- 
protein substances in higher plants,has been shown [5- 
7}. Sabinin [8, 9] pointed out the importance of nucleic 
acids for growth of higher plants. His experiments with 
Polozova [10] showed that supplementary feeding with 
purine and pyrimidine bases intensifies the growth of 
oat coleoptiles. Ali-Zade [11] showed that conditions 
are created in irrigated tea plants that are favorable for 
synthesis of nucleic acids in buds and that a considera- 
ble portion of these buds form shoots with one or two 
leaves, whereas the buds of unirrigated plants do not 
grow and remain in forced dormancy. 

The relation between the accumulation of nucleic 
acids and the development of growth processes as plants 
leave the rest period was established in the studies of 
Satarova [12], Oknina and Barskaya [13], Petrovskaya 
[14], et al. 

Numerous studies have shown that accumulation of 
nucleic acids is observed during the formation of the 
reproductive organs and that the accumulation correlates 
not only with growth but also with plant development 
Satarova [15,16], 

Turkova and Zhdanova[17, 18] observed an increas- 
ed nucleic acid content, especially RNA, in the leaves 
of beans, millet, parilla, lupines, Oats, Lallemantia, etc., 
during a photoperiod favorable for blooming. 

Butenko [19] showed that labeled phosphorus is in- 
corporated into the DNA in plants during photoperiods 
favorable for blooming, i.e., synthesis of DNA occurs at 
the growing points. According to Zakharchishina's data 
[20],the transition from vegetative growth to the repro- 
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ductive phase was accompanied by the accumulation 
of vitamin C and nucleic acids in the leaves of toma- 
toes, eggplants, their grafts and seed offsprings. Kuram- 
shin, et al. [21],observed that an intense accumulation 
of nucleic acids precedes a vigorous growth of the vege- 
tative mass and the formation of spadixes. 

In spite of the imperfect methods used for analyzing 
nucleic acids, these data show that accumulation of 
nucleic acids precedes the crucial periods of vital ac- 
tivity (the periods of intense growth and morphogenesis, 
the formation of reproductive organs). The problein of 
the dynamics of RNA in the process of ontogenesis is 
beyond question, whereas the problem concerning the 
dynamics of DNA is open to discussion with regard to 
the opinion of a number of investigators concerning the 
constancy of the DNA content in the cell. 


We agree with Brachet's opinion [3] that the constancy 
of DNA in higher plants is not absolute, and we consider 
that the data obtained concerning the DNA content in 
higher plants, both by cytochemical and biochemical 
methods, permit us to speak about changes in the state 
and amount of DNA in the tissues during ontogenesis. 
Sveshnikova [22] observed changes in the intensity of 
the Feulgen reaction in microsporogenesis of Vicia 
sativa; during nuclear division of the pollen, the most 
intense reaction was in the metaphase, and in the ripen- 
ed pollen grain intense staining was observed in the 
generative nucleus and weak staining in the vegetative 
nucleus. Petrovskaya [23] described the differences in 
methyl green staining of cell nuclei during the formation 
of pollen, seed buds, and during fertilization in orchids. 
Tsinger and Petrovskaya [24] showed by histo-cytochemi- 
cal methods that in peonies destruction of the integu- 
mental parenchyma during its absorption by the endo- 
sperm is accompanied by a weakening in the affinity of 
the nuclei for methyl green, whereas the structures being 
stained with hematoxylin are retained. 


The interesting study by Potapova, Obrucheva and 
Maroti [25] showed that the amount of DNA in the cell 
increases in the elongation phase and decreases in the 
differentiation phase. 
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Our data on the accumulation of nucleic acids at 
the growing points priorto leaving dormancy in such 
plants as potatoes, lilies, gladioli, etc., prompted ys to 
investigate the cultivation of pieces of gladiolus corm 
tissue on an artificial nutrient medium containing nu- 
cleic acids. 

The previously established relation between the con- 
tent of nucleic acids and emergence from dormancy 
forced us to assume that it was possible to stimulate the 
growth of dormant tissues by adding DNA and RNA and 
also their component, adenine, to the nutrient medium. 

The method of plant tissue culture used for studying 
the problems of growth, morphogenesis, metabolism, the 
mechanism of the effect of stimulants in the presence of 
an imbalance in the correlation between organs, and in 
the cultivation of pieces of tissues under controllable 
nutrition, temperature, humidity, and illumination found 
wide application after White's cultivation (1932-1934) 
of callus tissue obtained from hybrid tobacco [ 26]. 

Gautheret [27, 28],in summing up the results of his 
studies on tissue culture which can be grown on artifi- 
cial media, divided them into the following groups: 

1. Culture of normal tissues that retain physiologi- 
cal properties and morphological features until the end 
of the experiment. 

2. Culture of tumefacient tissues able to produce 
calluses, which are divided into callus tissues induced 
by Agrobacterium tumefaciens, those of viral origin, 
etc, 

3. Cultures of tissues whose physiological properties 
or morphology were changed during subsequent transplan- 
ation, for example, the tissues of carrots, sunflowers, 


etc. 
Tissues of dicotyledons are mainly cultivated on an 


artificial mediums however, in 1950 Morel [29] began 
experiments on cultivating tissues of monocotyledons, 

and these experiments have continued to expand. Nu- 
trient media have been developed for tissue cultures, 
the most widely used being the White, Gautheret and 


Fig. 1. Gladiolus tissue culture, A) Left to right: WM; WM + adenine; WM + 


Heller media [30]. Gautheret indicates that many tis- 
sues are not able to grow in an artificial culture with- 
out the addition of synthetic, growth-stimulating sub- 
stances,of which the most satisfactory are 3-indoleacetic 
acid, &-naphthaleneacetic acid and 2,4-dichlorophenox- 
yacetic acid (2,4-D) in concentrations of 10~* -107', 
10-8, Vitamins, as well as organic bases, amino acids, 
the components of nucleic acids, adenine, thymine, 
cytosine, etc.,are important in tissue cultures. 

Butenko [31] attaches great importance in tissue 
cultures to the use of physiologically active substances, 
kinetin (6-furfuryl aminopurine), etc., as chemical 
agents inducing transition from undifferentiated growth 
to organogenesis and the arrangement of reproductive 
organs. 

We used 2,4-D in our experiments as a synthetic 
growth promoter, We were guided by Rebstock,et al. 
[32], who showed that the phosphorus of nucleic acids 
almost doubled in the stems of Phaseolus under the ef- 
fect of 2,4-D, which in the opinion of the authors was 
the cause of the intensification of the growth processes. 
We have not found experiments on the effect of 2,4-D 
on nucleic acid metabolism in tissue cultures. Only 
Silberger and Skoog’s data [33] are available on the ef- 
fect of 3-indoleacetic acid on the formation of DNA and 
RNA in a culture of isolated pieces from the pith of 
tobacco. In a number of works [34-38] the effect of 
2,4-D on the growth of tissues of Jerusalem artichoke, 
potatoes, sorrel, seed buds of stramonium, etc., was 
studied. It was shown in Morel's work[35] and others that 
2,4-D in a concentration of 1077 -107 » when added to 
a medium consisting of a half-strength Knop's solution 
+ 2% glucose and 1% gelatin, induced growth of arti- 
choke tissues and increased the activity of the peroxi- 
dase. In Chapman's study [37], the addition to White's 
medium of 5-10 mg/ liter of 2,4-D or 7 mg/ liter of 
2,4-D and 10% coconut milk intensified cell division 
of the parenchyma tissue of potato tubers and led to 
growth of the undifferentiated tissue, but never caused 


RNA; WM+ DNA; B) left to right: WM+ 2,4-D; WM+ 2,4-D + adenine; WM 


+ 2,4-D + RNA; WM+ 2,4-D + DNA, 


: 
> 
os 
ms 
4 
4 
241 


organogenesis or differentiation of buds even with the 
addition of adenine sulfate (20-40-60 mg/liter). 

Our investigation included studying the capacity 
of pieces of gladiolus corms to grow relative to their 
physiological condition. 

Contradictory data are in the literature concerning 
this problem. Gautheret [39] indicates that the capaci- 
ty to grow in tissue cultures depends on the seasonal 
condition of the shoots: segments of the stem of Parth- 
enocissus tricuspidata taken during the growing season 
can be cultivated in a medium containing auxin, but 
taken in the winter in the dormant period they are not 
able to divide in spite of the presence of an auxin in 
the nutrient medium. Barnoud [40] observed the oppo- 
site effect when the branch tissues of the common lilac 
taken in the winter were grafted and an intense cell 
division occurred in the cambium zone, in the phloem 
and in the parenchyma of segments placed in a nutrient 
mixture of Knop's solution + 2% glucose + 1.5% gelatin 
with the addition of indoleacetic acid, 1 mg/liter. 


PROCEDURE 
Freshly harvested gladiolus corms of the Senorita 


variety were treated with ethy'ene chlorohydrin to 
break dormancy, some corms being left as controls. We 
selected the tissues for the experiments from the bottom 
and the top; the corms were preliminarily sterilized 
with a 0.1 solution of mercuric chloride for 15 min, 
washed with sterile double-distilled water and divided 
under sterile conditions into pieces weighing 60 mg. 
We sowed the pieces on White’s medium (WM) with 
the addition of microelements according to Heller's 
method and with the addition of DNA,* RNA and ad- 
enine at 50 mg/liter and 2,4-D (experiments 1 and 2) 
or indoleacetic acid (IAA) at 3 mg/liter (experiment 
2). There were eight variants in the first experiment: 
1) WM; 2) WM + DNA; 3) WM + RNA; 4) WM + aden- 
ine; 5) WM + 2,4-D; 6) WM + 2,4-D + DNA; 7) WM+ 
2,4-D + RNA; 8)WM+ 2,4-D + adenine, The tissues 
were transplanted to a fresh medium every two months. 


During the year of cultivation we weighed the tissue 
(experiment 1) according to varieties under sterile con- 
ditions to calculate the increase in growth. We must 

point out that it was very difficult to sterilize the gla- 


diolus corms since their surface was plicated and poor- 
ly wetted; thus,there were large tissue losses in the first 

transplantation. Stichel [41] observed a similar pheno- 

menon when working with the tubers of cyclamens, but 
he succeeded in completely preventing bacterial infec- 
tion of the medium by applying Achromycin, 50 mg/ 
liter, We unfortunately did not have this antibiotic 
available. 

During each transplantation of thetissue, pieces 
were fixed with Zenker and Helly’s solution, after which 
the blocks were cut into thin sections 10 thick. We 
used the Feulgen staining reaction for DNA and for RNA 
we used methyl green pyronine, and treated the control 
sections with ribonuclease (according to Brachet’s meth- 
od). We also photographed the tissues before each 
transplantation, 

RESULTS 

The pieces of corms whose dormancy was broken 
by treating with ethylene chlorohydrin proved to be 
capable of growth in the culture, The tissues of the 
control corms did not grow and died (gradually) from 
fungus and bacterial infections. In addition, we ob- 
served an almost complete loss of the tops of the corms 
treated with ethylene chlorohydrin. 

We found in the first months of the tissue culture 
that a very slight growth is observed in the variants on 
White's medium and WM+ DNA, WM+ RNA, WM+ 
adenine (Fig. 1A), whereas with the addition of 2,4-D 
the pieces of tissue grew rapidly, forming on the surface 
centers of white cells and thickened, frequently connect- 
ed or interlaced outgrowths similar to teratoid roots 
(Fig. 1B). Counting the large losses (of the eight flasks 
in each variant of the experiment only three in each 
remained), the original weight in each variant was 180 
mg. Later, in the variants with the addition of 2,4-D, 
the increment in the weight of the pieces reached 700- 
1000 mg in the transplantation. 

The increment in the gladiolus tissue culture by 
variants for the first year of the culture (from June 1958 
to June 1959) is characterized by the following data in 
milligrams: 

‘¥The preparations of nucleic acids and adenine were 


imported, 


Before second | Before third Before fifth 
Variant transplantatioptransplantation| transplantation 
WM 194 393 393 
WM + Adenine 319 536 536 
WM + RNA 250 415 415 
WM + DNA 618 422 422 
WM + 2,4-D 855 2202 6273 
WM + 2,4-D Adenine 880 2375 8857 
WM + 2,4-D + RNA 2102 2108 6799 


WM + 2,4-D # DNA 1921 


3924 1842 
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Fig, 2, Gladiolus tissue culture. A) Left to right: WM; WM+ adenine; WM + 
DNA; B) left to right! WM + 2,4-D, WM+ 2,4-D + adenine; WM+ 2,4-D + 


DNA; WM + 2,4-D + RNA, 


We see from these data that during the year the in- 
crement in weight of the tissue on White's medium was 
very insignificant. A sharp increase is found on the 
White's medium + 2,4-D. An additional effect from the 
addition of DNA, RNA, or adenine to the 2,4-D is de- 
tected. 

The data of the second experiment confirmed the 
results of the first experiment. We can see in Fig. 2A 
that the tissues on White’s medium hardly grew, where- 
as the tissue on WM + 2,4-D, WM+ 2,4-D + adenine, 
WM + 2,4-D+ DNA and WM+ 2,4 -D + RNA yielded 
a good increment (Fig. 2B), After a year of cultiva- 
tion all tissues on the White’s medium without 2,4-D 
turned brown and apparent growth centers were comple- 
tely absent on them. Therefore all these variants were 
eliminated after preliminary fixation for a microscopic 
investigation. 

In view of the considerable differences in the rate 
of tissue growth between the variants on the White's me- 


Fig. 3. Photomicrograph of a gladiolus tissue 
culture on White’s medium (x 900), The RNA 
stain was positive only in the cells encompas- 
sing the root primordium. 


dium and on WM + 2,4-D, the question arose why DNA, 
RNA and adenine do not have a growth-promoting effect 
on White's medium and what is the cause of the growth- 
promoting effect of 2,4-D and of DNA and RNA on a 
background of 2,4-D, A microscopic study of the prep- 
arations stained with methyl green-pyronine or treated 
according to the Feulgen method permitted us to make 
certain conclusions, Figure 3 represents a cross section 
through a piece of tissue which yielded insignificant 
growth for six months and then stopped growing and 
turned brown, A conical radicle encircled from the 
periphery by a dense ring of suberized cells can be seen, 
Only one layer of cells directly encompassing the radicle 
shows a positive RNA reaction in the cytoplasm when 
stained with methyl green-pyronine by Unna's method or 
by Trevan and Sharrok's method, In the cells arranged 
toward the periphery from this cone, the membranes and 
granules included in the protoplasm are intensely stained 
by pyronine, The ribonuclease does not destroy these 
substances, which gives us reason to assume that baso- 
philia is here caused by some type of acid compounds of 
a nature different than that of RNA, The Feulgen reac- 
tion for DNA is completely absent in the cells of the 
cone; in the cells arranged toward the periphery the re- 
action is very slight and noticeable without hydrolysis, 
which indicates degradation of the nuclei, 

A similar picture was observed in the slowly grow- 
ing pieces of tissue on media WM+ DNA, WM+ RNA 
and WM + adenine. 

Completely different was the picture in thin sections 
from the pieces of vigorously growing tissues on media 
WM + 2,4-D, WM + 2,4-D + DNA, WM + 2,4-D + RNA 
and WM + 2,4-D + adenine. Thesetissues already by 
visual observation were characterized by the presence 
of numerous elongated outgrowths reminiscent of thick- 
ened, sometimes connected,roots, The entire surface 
of the pieces was dotted with centers of white cells. 
When we examined the sections under the microscope 
we detected in all these variants numerous meristematic 
centers rich in nucleic acids, We can see in Fig. 4 (a, 
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b, c, d, e, f) that there is an intense staining reaction 
for RNA at the growth centers. On the WM+ 2,4-D 
(a and b) we can see numerous centers (X 150), at X 900 
we notice a multinucleolate condition in the nuclei, 
binucleate cells and pyroninophilia of nuclei. One of 
the growth centers with an intense reaction for RNA 
on the WM + DNA (Fig. 4c) is covered like normal ra- 
dicles by loosely arranged methylophilous cells similar 
to a root-cap. With greater magnification the picture 
is similar to that which we have for WM+ 2,4-D + 
RNA (Fig. 4d). Here we observe a vigorous reaction 
for RNA in the cytoplasm and nucleoli, the nuclei are 
pyroninophilous, The multinucleolate condition in the 
nuclei and binucleate cells is clearly seen. 

Figures 4e,f,g represent the growth centers (x 150), 
the pyroninophilia of the nuclei (x 1350) and the Feulgen 
reaction in the cells of the meristematic tissue from the 
WM + 2,4-D + adenine, We notice an intense staining 
reaction for RNA in the growth centers and pyroninophil- 
ous nuclei with two and more nucleoli, The positive 
DNA reaction in the nuclei of the cells of the meristem- 
atic centers is characteristic for all variants from White's 
medium + 2,4-D, whereas the DNA staining reaction is 
extremely weak or completely absent for those of the 
White's media without 2,4-D, The chaotic arrangement 
of the vessels and the large number of parenchyma cells 
filled with lipoid-like substances below the meristematic 
centers are characteristic for tissues on all media, as 
seen in Fig, 5 for tissue from WM + 2,4-D + adenine, 
Subsequently, a grain of starch appears in these cells 
which could be detected by staining with Lugol reagent 
or with fuchsin according to Sveshnikova's [42] modifi- 
cation of Modilevskii's method, 

In the second experiment, as we pointed out, were 
variants with the application of 3-indoleacetic acid (3 
mg/ liter) to White's medium. Numerous fine roots, 


Fig. 5, Chaotic arrangement of the vessels and 
cells with lipoid-like substances in the tissue on 
White's + 2,4-D + adenine medium. 


sometimes thickened at the ends, are formed on this 
medium. They continued growing during transplanta- 
tion and did not die out,as was the case when trans- 
planting the tissue from White’s medium + 2,4-D to 
White's medium. 


DISCUSSION OF THE RESULTS 

Our experiments showed that the pieces of gladiolus 
corms are able to grow on White’s medium with the 
addition of microelements and 2,4-D and that DNA,RNA 
and adenine in addition increase growth by 25-40%. The 
growth processes occur alone with a high content of 
nucleic acids: in the meristematic centers we observed 
a vigorous staining reaction for RNA in the cytoplasm 
and in the nucleoli, a multinucleolate condition, numer- 
ous nuclei, and pyroninophilia of the nuclei, which are 
lightly stained by the Feulgen method. 

In Konarev’s opinion [6, 43] the pyroninophilia of 
the nuclei is associated with depolymerization of DNA 
in the nucleus, with its partial degradation consisting of 
cleaving the purine bases, and also with the weakening 
of the bonds of the DNA with the protein. The biologi- 
cal importance of the pyroninophilia of the nuclei is 
that during ontogenesis the DNA of the nucleus changes. 
As a consequence of aging or starvation the DNA, which 
has a relatively low degree of polymerization, is firm- 
ly bounded with protein, and has an affinity for methyl 
green (which is characteristic for cells in the phase of 
embryonic growth and especially for the differention 
phase), becomes depolymerized DNA, with a partial loss 
of the purine bases and weakened bonds with the pro- 
tein, and has an affinity for pyronine. Petrovskaya’s 
[44] data yielded a similar interpretation of the change 
in the affinity of the nuclei for methyl green during de- 
velopment and growth of ginseng seeds. In spite of the 
vigorous growth, the tissues of the corms in our experi- 
ments, which lasted for a year and a half, retained a 
monotonous structure, producing systematically the same 
growth centers and thickened outgrowths resembling 
teratoid roots consisting of parenchyma cells. The cell 
arrangement characteristic for roots was absent, which 
indicated a disruption of the normal course of the proces- 
ses of tissue differentiation. In this case, evidently, 
pyroninophilia of the nuclei was a result of the partial 
degradation of DNA in the nuclei,which did not affect 
cell division but adversely affected tissue differentia- 
tion and morphogenesis. The fact that nucleic acids 
accumulated under the influence of 2,4-D is undoubted, 
and this favors the development of multiple meristema- 
tic centers, At the same time one can assume that 2,4- 
D (perhaps in the concentration used) induced certain 
changes in the chemical activity of DNA, which in turn 
disrupted the processes of differentiation. Some morpho- 
logical changes are known to occur under the influence 
of 2,4-D in higher plants. We can postulate that they 
occur as a result of the changes induced by 2,4-D,not 
only by the accumulation of nucleic acids, which agrees 
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with Rebstock's data [32], but also by the changes in 
the chemical activity of DNA. According to V.G. 
Konarev's data, INhydrochloric acid, a molar solution 

of sodium chloride and other agents are factors depoly- 
merizing DNA. 

Considering the ability of 2,4-D to induce formative 
changes in plants, we can think that this is the result of 
its depolymerizing effect on DNA, which also causes a 
change in the normal course of morphogenesis. A change 
in DNA in the nuclei from insufficient nutrition is not 
preciuded,although the data on growth makes this rea- 
son secondary. Since nucleic acids did not accumulate 
in the pieces of tissue on the White medium without 
2,4-D in spite of the supplementary introduction of DNA, 
RNA, or adenine,and since there was no growth in this 
case, this indicates that when the, natural correlations 
are disrupted the pieces of tissue on White’s medium 
cannot synthesize nucleic acids and cannot assimilate 
their components without additional agents such as 2,4- 
D or indoleacetic acid. 


SUMMARY 

The accumulation of nucleic acids detectable in 
the tissues on White’s medium + 2,4-D and 2,4-D+ nu- 
cleic acids or adenine correlates with the vigorous 
growth and permits one to conclude that 2,4-D is of 
value in regulating nucleic acid metabolism. 

I wish to thank O. A. Kurapova, who participated 
in the study. I express my profound gratitude to R. G. 
Butenko, A. M. Smirnov and M, S, Bardinskaya for 
consultations while mastering the method of isolated 
tissue culture. 
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Plant cultivation in Far North environments involves 
great difficulties due to unfavorable climatic conditions, 
In this regard a large role is played by low temperatures 
of the air and the soil layer inhabited by roots, the short 
duration of frostless periods and the low illumination in- 
tensity, In this connection it becomes necessary to 
study thoroughly the changes in plant metabolic processes 
occurring under these conditions. Investigations of nitro- 
gen metabolism are of a special interest since growth 
rates depend to a considerable degree on the rate of 
synthesis of the most important nitrogen compounds, the 
proteins. 

Unfavorable changes in nitrogen metabolism can be 
regulated to a certain extent by conditions of nutrition. 
Therefore ,a knowledge of metabolic features becomes 
necessary for rational application of fertilizers and the 
whole complex of agrotechnical measures used for pro- 
viding a harvest. 

On the other hand, investigations in this sphere are 
of theoretical interest, since they supplement our know- 
ledge of peculiarities in plant reactions to various exter- 
nal factors, The nitrogen metabolism of plants in rela- 
tion to Far North environments has thus far been little in- 
vestigated, Most attention was concentrated on one of 
the early stages of metabolism, absorption of substances 
{1,2]. The total nitrogen content in the plant has also 
been studied [3], However, the qualitative composition 
of the products formed in the metabolic process was stud- 
ied chiefly on the final crop, As far as cereals are con- 
cerned, it was basically related to the grain composition 
[4,5]. 

At the same time,the few studies conducted have 
shown that essential variations can occur in the synthe- 
sis of nitrogen compounds in connection with the effect 
of low temperatures within the roots and subsequent 
conversions in the plants’ aerial organs [6, 8], i.e., the 
paths of reconversion of nitrogen compounds can be al- 
tered, All this served as a basis for further studies, It 
was possible that variations in metabolism would be de- 
termined not only by external environments but also by 
the nature of the plants themselves. Therefore,we used 
plant varieties of different origins in our studies, 

To demonstrate the nature of metabolism in Far 
North environments, plants cultivated at different lati- 
tudes were investigated, plants from the Kolsky penin- 
sula in the Apatity district of Murmansk region and from 
Moscow, 
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The items investigated were two wheat varieties, 
a native Northern variety, Khibiny-314, obtained by se- 
lection from Finnish varieties, and a variety produced in 
the moderate zone, Lyutestsens-62. The plants were 
cultivated in field environments with normal doses of 
nitrogen, phosphorus and potassium. The plants in 
Moscow were cultivated on an experimental plot of 
Plant Physiology Institute on Lenin Hills, in the North, 
on an experimental field of the Kolsky affiliate Ac. 
Sciences USSR (Apatity of Murmansk region), The cul- 
tivating plots had a soil cover typical of the Kolsky 
peninsula. The soils of that district are a ferrous pod- 
zol, The experiments were conducted for 2 years, 1955 
and 1956, but in 1956 a plot was selected close to a 
peat moss soil quite rich in humus. Collection of sam- 
ples for analysis was conducted at the tillering, bolt- 
ing, earing and flowering periods, In the Far North, 
where the duration of individual stages of development 
is longer compared to Moscow, the material was col- 
lected several times at intervals of 5 to 7 days during 
the same stage of development. 

In relation to conditions of illumination in the Far 
North and uninterrupted photosynthesis during night 
hours [9, 10] changes in metabolic rhythm could be ex- 
pected, Therefore,it seemed reasonable not to limit 
sample collection to a definite time of day, as is cus- 
tomarily done, but to collect the material all through 
the 24 hours at intervals of from 2 to 4 hours, The mean 
results of daily activity were calculated for each collec- 
tion, All the samplings were made in duplicate. The 
material was fixated by steam for 20 minutes and then 
dried at a temperature not above 45 deg. All the deter- 
minations were conducted on a dry, powdered material. 
Total nitrogen was determined by the Kjeldahl method, 
protein nitrogen by the Barnshtein method, amide and 
nitrate nitrogen in one batch by the method of Varner 
et al. [11] and the amine nitrogen by the copper meth- 
od [12]. The composition of free amino acids was de- 
termined by paper chromatography. The extraction 
was conducted by a 20-fold quantity of 70% alcohol at 
room temperature by steeping for 24 hours. The preci- 
pitate was washed three times with alcohol, The result- 
ing extract was evaporated to dryness in an air stream. 
The chromatographic separation of amino acids was 
conducted in large chambers in two solvent mixtures: 

1) butanol, acetic acid and water in proportions of 
4:1:1; and 2) phenol with a pH 12 phosphate buffer. In 
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TABLE 1, Mean Content of Total Nitrogen in Wheat Leaves in Different Years (in % dry 


Lyutestsens- 62 


Khibiny-314 


1955 1956 1955 1956 


Location of |Tiller-| Bolt- | Ear- Flower- Bolt- |Tiller-|Bolt- | Ear- |Flower-| Bolt- 


experiment | ing ing jing | ing ing 


ing jing | ing | ing | ing 


Moscow 4,96 4,45 | 4.13 |3,91 [8.83 
Apatity 3.30 |3.16 | 3.57 |2.55 8.70 


Stage. 1955 Experiment 


TABLE 2. Mean Content of Different Nitrogen Forms in Wheat Leaves at the Bolting 


4.48 | 4.03 | 3.68 | 3.32 4,23 
3.52 | 3.27 | 3.36 | 2.10 3.96 


iiaiiiaiae In % of dry weight | In% of total N 
of protein |nonpro- | amide | amine | nitrate jamidejamine} nitrate 
experiment N N N N N N N 


Lyutestens~62 


Moscow 4.00 | 0.45 | 0.033 | 0.070 | 0.050 | 0.73 | 4.57] 4.42 
Apatity 2-83 | 0.30 | 0.037 | 0.090 | 0.068 | 1.48 | 2.88| 2.47 
Khibiny-314 


3.72 “ 0.048 
Apatity 3.00 0.19 0.037 


the latter case the chromatographic paper was first 
saturated with the same buffer. Phenol was used to sep- 
arate aspartic and glutamic acids, serine, glycine and 
alanine. In the last case the solvent was passed through 
once in 42 hours. When butanol, acetic acid and water 
were used, the solvent passed twice to the end of the 
paper and three times to the middle [13]. Amino acid 
development was made w:th a 1% solution of ninhydrin 
in acetone. To facilitate the identification, a 1% solu- 
tion of isatin [14-16] was used, and also in numerous 
cases specific reactions were used for individual amino 
acids~ arginine, histidine, tyrosine, tryptophane, citrul- 
line [17, 18]. Since on a one-dimension chromatogram 
composite stains can appear composed of several amino 
acids with close Rf values, a second chromatogram was 
run in another solvent after the elution of individual 
spots, 

The determinations show that the total nitrogen 
content in plant leaves cultivated in the Far North is 
lower than in those cultivated in Moscow (Table 1), 

These variations change depending on soil condi- 
tions: they are insignificant in the 1956 experiment 
when the plants were cultivated on a soil rich in humus, 
while they are very large, more than 1% in the 1955 
experiment on a typical ferrous podzol soil. 

In Far North environments not only the rate of ni- 
trogen accumulation is altered, but also the character 
of its conversions, 


0.081 0.061 | 1.16 | 2. 1.94 


While the level of total nitrogen content is quite 
low in Far North plants (1955), the content of basic 
forms of nonprotein nitrogen, such as amides, amines, 
nitrates, are found to be no lower than those of Moscow 
in most cases, Thus, the greater portion of total nitro- 
gen is found in these compounds (Table 2), 

Especially striking was the fact that while Northern 
plants displayed a considerable poverty in nitrogen 
and a low protein content, they left unutilized prac- 
tically the same quantity of nitrates that accumulated 
in Moscow plants, Evidently something inhibited not 
only the conversion of amino acidsinto proteins and the 
utilization of the amide nitrogen, but also the reduc- 
tion of nitrates, 

However, when plants were capable of accumulat- 
ing larger amounts of nitrogen, as was the case in 1956, 
a considerable increase in the amide content was ob- 
served (Table 3), 

In this case results were similar in the Northern 
and Southern varieties (Khibiny-314 and Lyutestsens- 
62), i.e.,it did not depend on their origin. Quantita- 
tive differences in nitrogen content between the varie- 
ties had no established regularity. 

These features of nitrogen metabolism in Northern 
plants could not be explained by the differences in the 
duration of illumination, Shortening of the day to 12 
hours for a portion of the plants in Apatity (even though 
it led to an increase of the total nitrogen content) pro- 
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TABLE 3. Content of Main Nitrogen Forms in Wheat Leaves at the Bolting Stage, 1956 
Experiment 


In % of total 
Amide 
nitrogen 


In % of dry weight 
Protein Nonprotein 
nitrogen | nitrogen 


Location 
experimen 


Amide 


Variety nitrogen 


3.46 
3,39 
3.88 
3.67 


Moscow 
Apatity 
Moscow 
Apatity 


Lyutestsens -62 


Khibiny-314 


0.37 
0,31 
0.35 
0,29 


0.066 
0.080 
0.060 
0.101 


1.74 
2.16 
1,43 
2.55 


TABLE 4, Effect of a Short 12-hour Day on the Content 
of Various Nitrogen Forms in Wheat Leaves of Far North 


In % of the level of nitrogen 
content in plants of a simi- 

lar chronological age placed 
on a natural 24-hour day il- 


lumination 


Variety 


Total 
nitrogen 


Amide 
nitrogen 


Lyutestsens-62 
Khibiny-314 
Khibiny-314 


duced some increase in the amide content, i.e., it in- 
creased the differences between the Norther plants 
and those of Moscow (Table 4). 

Difficulties in reconversion of nitrogen compounds 
could arise through different causes: the unfavorable 
effect of low temperatures and a low rate of illumina- 
tion or in relation to conditions of nutrition. 

In order to clarify which one of these factors plays 
the decisive role, an experiment was conducted in which 
the Moscow soil was used mixed with sand in a propor- 
tion of 4:1 and fertilized by the usual norm of nitrogen, 
phosphorus and potassium, The plants were grown in 
Moscow and Apatity; in Moscow both natural illumina- 
tion and shading with 4 layers of gauze to the mean level 
of the Apatity intensity were used. In the North two 
temperature variants were used: warm and cold green- 
houses, In this manner only the night temperature was 
raised. The average 24-hour temperatures only differed 
by 1° during all the time of the experiment. The dif- 
ference in mean daily temperatures between Moscow 
and Apatity was approximately 3° during the same 
period, The plants were harvested at the bolting stage 
and the sample collected for two days in order to avoid 
incidental results related to weather conditions. The 
leaves and plant roots were used for analysis. In sam- 
ple collections the fresh and dry weights of leaves, 
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110 162 
108 178 
106 118 


roots and stems were measured, which permitted calcu- 
lation of the total amount of nitrogen per single plant. 

As the investigations have shown, when plants 
were cultivated on Moscow soil the levels of total nitro- 
gen in Far North and in Moscow are almost identical, 
while the protein nitrogen content in leaves proved 
to be higher in North than in Moscow. Under similar 
conditions of nutrition there was absolutely no differ- 
ence in the content of amides (Table 5). 

Thus, the differences between Northern and Mos- 
cow plants previously stated were evidently deter- 
mined by soil conditions, The lower temperatures and 
the lower rates of illumination were, of course, signifi- 
cant, but their effect was manifested in the decrease 
of nitrogen accumulation rates, In such cases the accu- 
mulation of dry substance was inhibited to the same 
degree, i.e. the changes evidently were related to 
growth processes. Thus, while the difference in the 
quantity of nitrogen accumulated in Northern and Mos- 
cow plants was considerable, the difference in content 
expressed in terms of percentage of dry weight proved 
to be insignificant. 

A characteristic feature was observed in the accu- 
mulation of amides: in plants cultivatedin the Far 
North in field environments there was a direct correla- 
tion during the bolting period between the total nitro- 
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TABLE 5, Nitrogen Accumulation in Plant Cultivation at Different Latitudes with Simi- 


Location N content, % of dry weight Total N 
in leaves 
of exper-| Experimen- /mean roots leaves ond 
iment tal variant howe non- a- mg per 
pro- | pro- ro- ‘O- jamide) 100 
C |total |tein |tein | total |tein |tein plants 
Normal 
Moscow jillumination | 19.3 | 1.90 | 1.47 | 0.43 | 4.56 | 4.03 | 0.53 |0.068 736 
Shaded 19.3 | 1.94 | 1.60 | 0.34 | 4.20 | 3.66 | 0.54) -— 433 
Apatity |Warm 46.3 | 1.74 | 1.45 | 0.26 | 4:69 | 4.25 | 0.44| — | 636 
Cold 45.3 | 1.82 | 1.41 | 0.44 | 4.68 | 4.34 | 0.34 |0.067 494 


gen content and the content of amide nitrogen. In such 
cases the duration of daily illumination was immaterial. 
Data on the short-day variant were in line with this. 
Consequently, the greater the nitrogen content in leaves, 
the larger was its excess unutilized in protein synthesis 
and the more it was accumulated in amides, This 
phenomenon was absent in Moscow plants. In North- 
ern plants this correlation was disturbed whenever 
Moscow soil was used for the experiments (Fig. 1). 


With respect to the observed variations in nitrogen 
metabolism,it was of interest to clarify whether the com- 
position of free amino acids differs in North-cultivated 
plants. As the investigations have shown, differences in 
free amino acids were only quantitative. In the North 
and in Moscow we found 15 amino acids, namely: ly- 
sine, ornithine, histidine, arginine, aspartic and gluta- 
mic acids, glycine, serine, threonine, alanine, proline, 
tyrosine, valine, phenylalanine, leucine,and two amides 
— glutamine and asparagine, predominantly the latter, 
This complement of free amino acids is evidently char- 


acteristic of wheat because it generally coincides with 
data obtained by other investigators in entirely differ- 
ent geographical environments [19]. 

However, the content of individual amino acids did 
not remain constant. Thus, in 1955 the Northern plants 
differed during the bolting stage by higher level of as- 
partic and glutamic acids, In this respect it can be as- 
sumed that disturbances in metabolism of nitrogen com- 
pounds evidently also extended to amination reactions, 
as a result of which amino acids accumulated which 
can be formed in the plant at the expense of direct 
amination of the respective ketoacids [20-23]. 

With a greater total nitrogen content, when accu- 
mulation of amides took place in Northern plants, these 
last differed by an increased content of serine and 
glycine. Also an increase of a compound spot was ob- 
served on chromatograms in butanol, which can contain 
lysine, ornithine and histidine, aminoacids with a larger 
content of nitrogen in the molecule. 

Moreover, from the zone where normally glutamine 
is located on a chromatogram in butanol, an amino 


11958 
8 
041956 


L 1956 L Apatity 


2940 4233 45.36 17 38 49 a2 43 45 46 
Total N, % 


Fig. 1, Change in amide content depending on total ni- 
trogen content in plant leaves, The legends: triangles ) 
Apatity LD (long day); squares) Apatity SD (12-hour day); 
black dots) Moscow; triangles in circle) Moscow soil; L) 
Lyutestsens -62; X) Khibiny-314; numbers alongside the 

letters (L and X) are year of experiment. 
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acid was separated on repeated development in phenol 
with an Rg in this solvent close to that of alanine. 

And, finally, minimal differences were noted be- 
tween plants cultivated on similar soils in the North and 
in Moscow. A slight intensification of the alanine stain 
was observed in Northern plants on chromatography in 
phenol (Fig. 2). 

It was found that this intensification is determined 
not by an increase in alanine concentration, but is re- 
lated to an increased content of some other substance 
or, possibly, a group of substances possessing an R¢ in 
butanol close to that of glutamine. 

When qualitative reactions were conducted for in- 
dividual amino acids and chromatograms were treated 
with isatin [18], the Norther plants were found to con- 
tain a considerable accumulation of some aromatic 
compounds, These were especially prominent in field 
experimental plants cultivated on native soil, Thus, 
when plants are cultivated on the Kolsky peninsula 
numerous changes occur in metabolism. In such cases 
the role of individual factors is heterodynamic, The 
reduced temperatures and unfavorable conditions of il- 
lumination created as a result of the sun being low on 


the horizon plus marked cloudiness, while retarding | 


Fig. 2. Chromatogram of free 
amino acids in phenol with a 
pH 12 phosphate buffer, Leaves, 
Bolting stage: 1) aspartic acid; 
2) glutamic acid, serine; 3) 
asparagine plus glycine; 4) ala- 
nine, I) Apatity, Moscow soil; 
Il) Moscow, Moscow soil; III) 
Labels, 


the accumulation of dry substance, simultaneously 
impeded intake of nitrogen by the plant. No marked 
differences are noted in the character of nitrogen con- 
versions in plants between those cultivated in the Apa- 
tity and Moscow districts, In these cases a more sub- 
stantial progress in metabolism is related to the features 
of soil nutrition, However, this, of course, does not mean 
that the temperature factor does not play a substantial 
role in essential differences between individual geogra- 
phic zones. 


SUMMARY 

1, When wheat is cultivated in the Far North nu- 
merous changes in nitrogen metabolism are observed: 
when the total nitrogen content in plant leaves is re- 
duced an accumulation of nonprotein forms occurs,such 
as nitrate, amide and amine. Among the nonprotein 
compounds an accumulation of some free amino acids 
was noted; among these are groups of amino acids with 
a larger nitrogen content in the molecule, also of as- 
partic and glutamic acids, serine and glycine. 

2, The above-stated changes, evidently due to the 
difficulty of utilizing nitrogen in Northern environments, 
are chiefly determined by soil characteristics, 

3. Unfavorable temperature conditions and the weak 
illumination rate inhibit accumulation of dry substance 
and retard nitrogen uptake, but do not change the char- 
acter of its conversion within the plant. 
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CAUSES OF YIELD REDUCTION IN TOMATO PLANTS 
INSUFFICIENTLY ILLUMINATED IN THE FOURTH STAGE 


OF DEVELOPMENT 


Z. I. Shan'gina 
Leningrad Agricultural Institute 


Translated from Fiziologiya Rastenii, Vol. 8, No. 3, 


pp. 325-329, May-June, 1961 
Original article submitted February 11, 1960 


Light is one of the chief environmental factors of 


critical importance for growth and development of plants. 


Study of the effect of light intensity on plant develop- 
ment is of great value in increasing the productivity of 
cultivated crops, 


In many plants there is a period during which the 
requirement for intense illumination is at a maximum. 
This period begins with formation of pollen tetrads and 
is designated the fourth stage of development [1]. 

Tomato plants which have received insufficient 
light in the fourth stage exhibit massive fall of flower 
buds and flowers, with the result that fruit yield is con- 
siderably reduced [2a]. Shading of plants in the light 
stage (from the time of growing point differentiation to 
appearance of stamen primordia) and the third stage 
(from appearance of anther primordia to formation of 
pollen tetrads) retards flowering, but has no effect on 
ultimate fruit yield, 

It has been observed that if plants are shaded from 
the time of tetrad formation in the first flower of the 
first raceme,there is a reduction in fruit yield not only 
in the first, but also in the second,raceme, and flower- 
ing activity of succeeding racemes is also depressed con- 
siderably [1, 3]. 

The purpose of this study was to trace the effect 
of removal of the first raceme on fruit formation in the 
second raceme, and to elucidate the causes of abscission 
of flower buds and flowers in plants which had not re- 


ceived sufficient light in the fourth stage of development. 


METHODS 

Studies were carried out on an experimental plot » 
of the Department of Plant Physiology, Leningrad Agri- 
cultural Institute, using Urozhai and Stalingrad tomato 
plants, Plants were grown in pots on a complete min- 
eral fertilizer. Soaked seeds were sown directly in the 
pots, Throughout the experiment, soil moisture level 
was maintained at about 60% saturation. Gross ob- 
servations were made throughout the experiment. All 
treatments were replicated five-fold. One plant was 
left in each pot. Developmental stage was determined 
according to the terminal meristem of the stem [4]. 
Plants to be shaded were placed in a growing shed cov- 
ered with three layers of gauze, where light intensity 
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was 15-20% that of natural daylight on the average. 

Upon appearance of pollen tetrads in the first flow- 
er of the first raceme, plants were placed in the shed 
and left there for 10 days, the duration of the fourth 
stage of development. In one group of plants, the first 
raceme was removed at.the time of transfer to the grow- 
ing shed (treatment 1); in the second group, the first 
raceme was also removed at the time of pollen tetrad 
formation, but the plants were grown in natural daylight 
following this treatment (treatment II); in the third group, 
the first raceme was removed at the end of the shading 
period (treatment III); in the fourth group, plants were 
shaded without removal of the raceme (treatment IV). 

Control plants (treatment V) were grown in natural 
daylight throughout the growing period without removal 
of the first raceme, Ten days after commencement of 
the fourth stage of development, all shaded plants were 
transferred to natural daylight, and their subsequent 
growth took place under these conditions. 

Gross observation data summarized in Table 1 in- 
dicate that the development of unshaded plants in which 
the first raceme was removed (treatment II) is not dis- 
tinguishable from that of the controls(treatment V). 
Development of plants which were shaded but in which 
the first raceme was left intact (treatment IV) was re- 
tarded, with flowering being four days later than that 
of controls and beginning of fruit formation six days 
later. 

Table 2 shows that shaded plants in which the first 
raceme was removed either just before or just after 
the shading period (treatments I, III) produce consider- 
ably more fruit in the second raceme than shaded plants 
in which the first raceme is left intact (treatment IV). 
Yield by plants given treatment I is 187.3% that of con- 
trols, and that of plants given treatments III and IV is 
149, 7% and 49.1%, respectively. Removal of the first 
raceme without shading (treatment II) also has a stimu- 
lating effect on fruit production in the second raceme 
(209.4% of control). The weight of fruit produced by 
these plants is 2,2 times that of control plants. Plants 
given treatment IV produced more immature and abscis- 
sed flowers than did any other plants (treatment IV — 
3.1; control— 1.9), Fruit size in these plants was also 
small, 


— 


Tomato Plants 


TABLE 1, Gross Observations of the Development of Urozhai 


Treatment 
No, 


Flower bud 
formation 


Flowering 


Beginning of 
fruit formation 


19. VII 28. VII 
II 18.VII 26. VII 
Ill 20. VII 30. VII 
IV 22. VII 1. VIII 


18. VII 


27. VII 


Note: In all plants, sprouts appeared June 11; shading was be- 
gun July 6 and concluded July 16, 


16. VIII 
13. VIII 
19. VIII 
20. VIII 
14. 


TABLE 2, Yield in Urozhai Tomatoes as Affected by Removal of the First Raceme 


Number of flowers | No, of fruits 
insecond raceme _|in 2ndraceme v0, = v0) 
Treatment abor- mar- 8] #8 
with |tive ket- 36 
total and | total lable & 2° 
fruits |ab- & 
scisse S8ale B 
I—Removal of first raceme just 
before shading in fourth stage 5.0] 2.6) 4.3 | 4.5 | 124.4/167.3 | 187.3 
Il- Removal in the fourth stage, 
no shading 6.8) 5.4] 41.7] 4.0} 4.0] 133.6/187.0 | 209.4 
IlI~Removal just after shading 4.8] 1.4] 3.8| 4.3 | 1041.2)134.7 | 149.7 
IV— Shading without removal of 
the first raceme 7.2; 4.4] 3.4] 2.5] — 30.0) 43,9 | 49.4 
V—Control 6.51 4.04 4.9) 4.4 60.2 100.0 


Shaded Plants 


TABLE 3, Content of Various Carbohydrates in Leaves and Racemes of Control and 


Leaves First raceme Second raceme 
Carbohydrates 
I | Il I ll I ll 

Monose 2.19 2.01 2.27 1.13 2.44 1.62 
Sucrose 1.56 0.92 3.06 4°71 3.95 2.62 
Maltose and dextrins 3,23 4.03 2.91 1.03 3.05 1.76 
Stare 3.35 6.62 4.72 3.54 4.96 3.94 
Hemicellulose 2.83 3.52 6.80 6.87 6.48 5.95 
Cellulose 2.99 4.52 6.87 5.83 6.18 6.06 
Total carbohydrate 18.15 18.62 26.63 20.44 27.06 21.95 


Note: I) Control; II) shading in the fourth stage, 


We are of the opinion that the greater flower abscis- 
sion and retarded fruit growth of plants shaded in the 
fourth stage of development occurs as a result of irregu- 
lar distribution of organic nutrients, To check this as- 
sumption, we measured amounts of various carbohydrates 
in the leaves and roots, Samples to be analyzed were 
collected from Urozhai tomatoes on the last day of the 


10-day shading period, Carbohydrate analyses were 
made according to Kizel’s scheme [5], Results are pre- 
sented in Table 3, 
The table shows that both leaves and racemes of 
shaded plants contain less soluble carbohydrate than do 
those of controls, At the same time, there is relatively 
more starch, hemicellulose and cellulose in leaves of 
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TABLE 4, Amino Nitrogen Content of Control and Shaded Plants 


Racemes | 


Leaves 


Total amino 


amino N, mg/ 100 g dry weight 


N,% of control 


Variety Treatment 


total 


total cemesfaves 


in 


fourth stage 


ontrol 
haded in 


fourth stage 


Urozhai 


Stalingrad- 
G5/ 95 


shaded plants, Therefore, under shaded conditions soluble 
carbohydrates are converted in the leaves into relatively 
immobile forms, and carbohydrate flow to the develop- 
ing flowers is thereby impeded, The significance of 
light for translocation of plastic materials in tomato 
plants has been demonstrated by Coodall [3]. Studies 

of Novikov and Shustova [6] have revealed that flow of 
these materials out of leaves is more vigorous in the 
light than in the dark. 

On the basis of a study by Hammet, Sabinin [7] 
and Skazkin [8] point out that when there is a soil 
moisture deficiency in the period preceding reproductive 
organ formation in wheat, products of protein degrada- 
tion—amino acids—which are toxic to sexual elements 
of the flowers, accumulate in the developing spikelets, 
As a result, there is a marked reduction in the number 
of normal flowers, 

Determinations of amino nitrogen in leaves and 
racemes of control and shaded plants were made using 
two varieties of tomato — Urozhai and Stalingrad-G5/ 
95, Samples to be analyzed were taken at the end of 
the 10-day shading period. 

Amino nitrogen was determined according to Van 
Slyke [9]. Data are presented in Table 4. 

These analyses revealed that in plants shaded dur- 
ing the fourth stage of development there was an accu- 
mulation of amino nitrogen in the racemes. Total amino 
nitrogen of Urozhai racemes, in percent of control, is 
172.5%, and of Stalingrad-G5/ 95 racemes, 187.9%. In 
the racemes of shaded plants, therefore, there is a reduc- 
tion in amount of soluble carbohydrates which is asso- 
ciated with accumulation of excess amino nitrogen. 
Evidently protein synthesis in these racemes is hindered 
by the inadequate carbohydrate supply, with the result 
that amino acids, intermediates toxic to the developing 
reproductive cells, accumulate in high concentrations. 

Removal of the first raceme stimulates transloca- 
tion of plastic materials from the leaves to remaining 
racemes. Possibly we are at the same time removing 


163.6 


282.2 
212.3 


398.9 


154,9 


158.2 
188, 2 


221.9 


100.0 | 100.0 


102.4 
100.0 


187.9 | 4147. 


172.5 
100.0 


amino nitrogen which, if translocated to other racemes, 
would cause suppression of reproductive cell develop- 
ment, 


SUMMARY 

1, Removal of the first raceme in tomato plants at 
the time of pollen tetrad emergence causes a pronounced 
increase in fruit yield of the second raceme. 

2. There is a significant accumulation of amino ni- 
trogen in racemes of shaded plants, 

8, When light intensity is reduced in the fourth 
stage of development, soluble carbohydrates are convert- 
ed in the leaves into relatively immobile forms. Reduc- 
tion in fruit yield under these conditions occurs as a re- 
sult of impeded flow of plastic materials from the leaves 
to the developing flowers, 

4, Possibly because of the carbohydrate deficiency 
in racemes of shaded plants, protein synthesis is incom- 
plete, with the result that accumulated amino acids 
exert a toxic effect on developing reproductive organs 
of the flower. 
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EFFECT OF REDOX PROPERTIES OF SOLUTIONS ABSORBED 


BY SEEDS ON VERNALIZATION RATE AND EXTENT 


OF BRANCHING IN EARS 


F. Ya. Mekhanik 
Byelorussian Agricultural Academy, Gorki 


Translated from Fiziologiya Rastenii, Vol. 8, No. 3, 


pp. 330-337, May-June, 1961 
Original article submitted March 4, 1960 


There is an extensive literature on the effect of fac- 
tors such as temperature, moisture level and aeration 
[1,2] on rate of seed vernalization, and there are also a 
number of studies indicating a relation of these factors 
to over-all plant development, and also to neoforma- 
tion of branched ears [8, 4, 5]. 

Numerous investigations of recent decades [3, 6-14] 
attest, on the one hand, to a significant influence of 
various environmental factors, including redox proper- 
ties of the soil, on redox properties of plants, and on the 
other hand, to a definite relation between levels of re- 
dox activity and various aspects of plant growth and 
development. This provides a rationale for study of 
the effect on vernalization rate and on ear branching 
of a factor such as the redox properties of solutions en- 
tering the plant at the very beginning of seed growth. 
Besides, it might be assumed a priori that redox proper- 
ties of solutions, in the soil, for example, must exert a 
definite influence on plant vernalization, 

It is well known [1] that developmental changes in 
the growing points occur only when seeds receive a nor- 
mal oxygen supply, i.e., when their tissues are at a de- 
finite redox level. In view of this, it appeared to us 
that a study of redox properties of vernalized seeds and 
of the effect on these properties of factors such as tem- 
perature and redox properties of absorbed solutions 
would be of help in clarifying the processes underlying 
vernalization. 

We therefore decided to carry out a study in the 
following manner, Winter rye seeds, variety Local Par- 
tisan, were germinated 48 hours at 18-20° in water and 
in buffer solutions (citric acid + disodium phosphate) 
at pH 2.6, 4.6, 7.5 and 8,8, the solutions either contain- 
ing or not containing a redox system (quinhydrone, i.e., 
quinone + hydroquinone) * This redox system was em- 
ployed in view of the fact that non-phenolic substances 
are always found in the soil as products of synthesis or 
decomposition of humus materials, 

The seeds were then vernalized at various tempera- 
tures, 0, -2, +4, and +6°, i.e., temperatures somewhat 
lower and higher than that optimal for vernalization of 


winter rye, for 35 days — a period insufficient to com- 
plete vernalization at these temperatures. After this, 
they were sown in plots, each treatment being repli- 
cated three times, at temperatures which had already 
reached a stable high level (May 6). 

Table 1 shows that when seeds are germinated in 
solutions not containing quinhydrone and then vernaliz- 
ed at 0° or -2°, the number of headed plants compared 
to controls was higher at lower pH's and, correspond- 
ingly, higher Eh's. When they were veralized at higher 
temperatures (+4, +6°), the reverse phenonenon was 
observed, i.e., the number of headed plants was lower 
at lower pH's, or higher Eh's, 

In the presence of quinhydrone, these patterns were 
reversed to a considerable extent. If, at a given tem- 
perature, pH and Eh, rate of vernalization was acceler- 
ated over the control in the absence of quinhydrone, 
its presence tended to curb this effect, the same being 
true under conditions where vernalization was retarded 
in the absence of quinhydrone, 

Seeds germinated in water (pH 6.8) containing 
quinhydrone produced a higher number of headed plants 
in comparison with those germinated in water-alone, 
regardless of vernalization temperature. 

It was also of interest to determine how the effect 
of this treatment on vernalization rate is correlated 
with neoformation of branched ears, We were led to 
investigate this aspect of the problem primarily because 
branched ears were found, albeit to varying extents, on 
the experimental plots. These are not characteristic of 
Local Partisan rye. 

Table 1 shows that the number of branched ears is 
higher at higher pH values when vernalization is carried 
out at temperatures from zero to -2°, and that it is low- 
er at temperatures from 4 to 6. The opposite was true 
when quinhydrone was present in the buffer solutions, 
however, Quinhydrone in water decreased the number 


* Seeds were soaked twice: first, 100 seeds per 30 ml, 
then 100 seeds per 15 mk: quinhydrone concentration 
— 0.02%, 
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TABLE 2, Characteristics of Tissues of Unvernalized Winter Rye Seeds at Various Tem- 


peratures 
18 20° | Temperature, 4 to 6° | Reduction at 
emperature, to emperature, ce) 4to 6°, % 
oles SE | wlol¢ 
I +4188] +25 | +-45} +4115 | 20 | 70] —5/+8 |+39 13 | 31] 120.0/82.0 66.0 
Il |6.8}-+ 84|+23] +41] +111 | 18 | 70] —3]+9 |+33 12 | 24] 113.0]78.0/70.0 
| 2.6|+420]+29] +136 | 29 | 78} +2 |+48}-+-52 | 16 | 35] 107.0] 69.0/62.0 
| 2.6)+324]-+27| +52] +127] 25 | 75| —1 |+12}+44 | 13 | 30] 103.0]77.0165.0 
83] 14 | 54) |+29] 8 | 21] 138.0}97,0/65.0 
VI + 17] 59] —4/4+7 [+34] 11 | 23] 118.0)82.0165.0 


Note: I) Water (control); I) water + quinhydrone; III and V) buffer solution; IV and VI) 


buffer solution + quinhydrone. 


at Various Temperatures 


TABLE 3, EK Values of Unvernalized and Vernalized Winter Rye Seeds 


Temperature , 18 to 204 Temperature , 4to 6° 
Exptl. variant |plum- root jendo- [plum- lendosperm 
rown |sperm ule crown | 

+25 | +45 +415 —5|+8 +39 
Unvernalized | +15 | +55 | +4125 —6 | +10 +42 

+42 +38 | +133 —7|+ 6 +34 

+40} —15 | +177 +41 | —50 +-28 
Vernalized +36} —5] +120 —5 | —60 +46 

+55 0 +175 —2 | —45 +42 


of branched ears produced, regardless of vernalization 
temperature, 

In summary, the branching tendency was more pro- 
nounced when vernalization was carried out at non- 
optimal temperatures, as in the experiments described, 
and when as a consequence vernalization and subsequent 
development in the field were retarded, This is in agree- 
ment with published findings on the effect of relative 
rates of growth and development in plants on branching 
of ears [3]. 

It is important to note that tillering vigor was found 
to bear the same relation to rate of plant development 
as determined by vernalization regime as did branching 
of ears. 

The particular effect of solutions with various re- 
dox properties on rate of seed vernalization and on til- 
lering vigor and ear branching may be explained, we 
believe, on the effect of these solutions on redox pro- 
perties of the seed tissues being vernalized. 

By means of an electrometric method} we estab- 
lished that in unvernalized seeds the plumule has the 
lowest EK, Seed tissues are arranged in ascending order 
according to EK values as follows: root crown (boundary 
of root and stem tissue), embryo rootlets, scutellum, 
endosperm. It should be pointed out that this pattern 
of EK values for unvernalized seeds (of winter rye, for 
example) is maintained at comparatively high and low 
temperatures, e.g., from 18 to 20 and from 4 to 6°. 


At low temperatures briefly applied, however, as in the 


initial stages of seed vernalization, both the absolute 
EK values and the differences between tissues become 
smaller, This is chiefly true of the difference between 
EK"s of the root crown and the plumule, With prolonged 
action of lower temperatures necessary to completion 
of vernalization, EK of the plumule increases relative- 
ly more than that of the root crown, EK values of the 
other tissues — endosperm, rootlets, scutellum — remain 
unchanged relative to each other during vemalization 
(Tables 2 and 3)4 
If fresh sections of vernalized and unvernalized 

seeds are placed in a 1:10000 toluidine blue solution, 
most of the cells in the growing points of vernalized 
seeds become intensely blue in 10-15 minutes, while 

in unvernalized seeds they are either unstained or very 
weakly stained, In addition, the tissues of the root 
crown, €.g., stem primordium, are less intensely 
colored in vernalized than in unvernalized seeds. This 
Tt The electrometric method consists of insertion into 
tissue of a non-platinized platinum microelectrode and 
a finely tapered glass tube filled with a saturated solu- 
tion of potassium chloride which is closely joined to a 
saturated calomel microelectrode. Potential differences 
were determined with a potentiometer, 

$In Tables 2 and 3, the chief attention should be paid 
to comparative EK values, since absolute values differ 
for the same seed under different conditions. 
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indicates that in vernalized seeds, in contrast to un- 
vernalized seeds, the increase in level of oxidative proc- 
esses taking place in the growing points is accompanied 
by a decrease in the level of these processes in the 
underlying tissues, which are at the juncture of the 
vascular system of the primary rootlets, 

This decrease in EK of the embryo root crown was 
substantiated by the electrometric method, 

Formation of Prussian blue in the growing points of 
vernalized embryos after treatment of slices first with 
iron chloride, then with potassium ferrocyanide, as de-~ 
monstrated by Bassarskaya [15], must also be considered 
a consequence of heightened oxidative processes, It is 
important to note that with prolonged storage (two-three 
days) of vernalized winter rye seeds in the dark at room 
temperature, the pattern of EK values characteristic of 
unvernalized seeds is restored. This, however, is still 
not proof of devernalization, since vernalized seeds in 
the light show higher EK"s in the shoots or leaves than 
in the root crown or at the juncture of the primary root- 
lets, Unvernalized seeds, however, exhibit the opposite 
pattern, at least for a long period** 

It should be kept in mind that EK values for vari- 
ous tissues obtained by insertion of electrodes represent 
averages of many cells, It follows that individual cells 
may have different potentials, as was actually observed 
using indicators such as toluidine blue. In an embryo, 
therefore, individual cells of a given tissue often exhi- 
bit a pattern different from that established by the 
electrometric method, The number of such cells in 
embryos of vernalized seeds depends on vernalization 
conditions (duration and intensity of component factors) 
and also on the redox stability of these cells, 

The apparent reversal of EK values for the root 
crown and the plumule relative to each other which fol- 
lows seed vernalization we are inclined to attribute to 
differences in stability of redox systems to low tempera- 
ture, which factor favors reduction. Table 3 shows that 
the plumule, root crown and endosperm rank in ascend 
ing order according to redox stability, as judged by the 
change in EK attendant on a reduction in temperature 
from 18-20 to 4-6, 

Evidently, at low temperatures EK of the plumule 
falls most rapidly and reaches its lower limit soonest. 
EK of the root crown falls more slowly, but reaches a 
lower value than that of the plumule. EK of the endo- 
sperm, which is especially rich in buffer systems (prod- 
ucts of hydrolysis of reserve substances), falls most slow- 
ly. Even after a long period at low temperature, when 
vemalization is about complete, EK of this tissue is 
higher than that of the other two tissues. This high 
level is maintained until the endosperm is completely 
digested. 
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This pattern of redox stability at low temperatures 
is found in seeds germinated in solutions with different 
redox properties (Table 3), 

An increase in EK of seed tissues occurs when seeds 
absorb solutions of low pH and correspondingly high EK 
(quinhydrone absent) or when temperature is raised; 

a decrease in tissue EK occurs when they absorb solu- 
tions of high pH and correspondingly low EK, or when 
temperature is lowered, An increase of tissue EK's is 
associated with an increase in differences between tis- 
sues, while a decrease is associated with smaller dif- 
ferences, this being true with respect to the root crown 
and plumule (Table 3). 

Thus, pH, Eh, or EK of solutions absorbed by seeds 
affects redox properites of seed tissues in predictable 
fashion, just as temperature does. Apparently vernaliz- 
ation rate is also subject to the influence of these fac- 
tors to some degree, Perhaps this accounts for the above 
described effect of solutions of various pH and Eh (quin- 
hydrone absent) on rate of seed vernalization at various 
temperatures, i.e., solutions of low pH and high Eh 
have the same effect as a temperature increase as 
judged by the increased difference between absolute 
EK values for the root crown and the plumule, while 
solutions of high pH and low Eh have the same effect 
as a temperature decrease, as judged by the decreased 
difference between absolute EK values for root crown 
and plumule. 

When seeds are germinated in buffer solutions con- 
taining quinhydrone, which stabilizes rH, at a level 
more or less optimal for vernalization, this being in- 
dependent of oxygen content over a wide pH range 
[16], their inherent redox stability is increased and re- 
dox potentials of tissues are maintained at a level near- 
ly optimal for vernalization, Therefore, as has been 
noted, there is a modification of the effect exerted by 
pH and Eh on redox properties of tissues and also on 
vernalization rates at various temperatures, 

Quinhydrone also modifies to some extent the ef- 
fect of non-optimal temperatures on vernalization 
rate when it is absorbed in a solution free of a pH- 
buffering system. 

Another important conclusion may be drawn from 
the data presented, namely that the parallel effect on 
vernalization of temperature and of redox properties 
of solutions entering the plant is manifest at the very 
beginning of seed germination, and also during tiller- 
ing, i.e., branching of vegetative organs, and branch- 
ing of ears. This in turn indicates a basic physiologi- 
cal dependence of these processes on tissue redox prop- 
**Details on changes in redox properties of tissues during 
passage through the light stage of development will be 
communicated elsewhere. 
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erties and on redox patterns in the plant, as, for exam- 
ple, in a germinating seed. These patterns must be 
supposed to have their genesis in the character of flow 
and distribution of certain substances in the plant; this 
is related to formation of new growing points and furth- 
er development of buds along reproductive or vegeta- 
tive lines. 


SUMMARY 

1, Vernalization of winter rye seeds at suboptimal 
temperatures proceeds more rapidly as pH is lowered 
(within the range 2,6-8.8) or, correspondingly, as redox 
potential of solutions in which the seeds are germinated 
is raised, At supraoptimal temperatures, the reverse 
situation is ture. Acceleration of vernalization under 
these conditions is accompanied by reduction in tiller- 
ing and in neoformation of branched ears in the field, 
while retardation in vernalization is associated with a 
stimulation of these processes. 

Thus, it has been confirmed that temperature and 
solution pH exert parallel effects on vernalization rate 
of winter rye, and also on tillering activity and neofor- 
mation of branched ears in the field. More specifical- 
ly, low temperatures (0, -2°) and high pH (low Eh) have 
similar effects, while higher temperatures (+4, +6°) and 
low pH (high Eh) have similar effects, 

2, Presence in solutions entering seeds of a pheno- 
lic redox system, quinone + hydroquinone, modifies the 
effect on vernalization rate of both non-optimal tem- 
perature and solution redox properties (pH and Eh), 

3, During seed vernalization, oxidative processes 
in the plumule and also in the terminal meristems are 
intensified, while reductive processes in the root crown 
and internal tissues of the stem primordium are inten- 
sified, 

4, The parallel effects exerted by temperature (0, 
-2 and+4, +6°) and by solutions of given redox prop- 
erties on vernalization rate must be ascribed to paral- 
lel effects on redox properties of the seeds themselves. 

5. Modification of the effect of non-optimal tem- 
peratures and solutions of various redox properties on 
vermalization rate by the quinone + hydroquinone redox 
system is evidently related to the ability of this system 
to stabilize redox properties of the seeds being vernal - 
ized, primarily those of their meristems. 

6, Occurrence of a definite relation between rate 
of seed vernalization and redox properties, on the one 


hand, and between rate of seed vernalization and tiller- 
ing and neoformation of branched ears in the field, on 
the other hand, points to a basic physiological depen- 
dence of vernalization rate, branching of vegetative 
organs, i.e., tillering, and branching of reproductive 
organs, i,e., neoformation of branched ears, on redox 
properties of plants. 
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In a previous communication [1] the effect of day 
length on over-all respiratory rates and on the activity 
of two main terminal oxidase systems in leaves of short- 
day and long-day plants was considered. It seemed of 
interest to investigate the effect of day length on earlier 
stages in the respiratory cycle related to the synthesis 
and degradation of various active metabolites, Accord- 
ingly, long-day and short-day plants were transferred 
from unfavorable to favorable photoperiods and the ef- 
fect of this teatment on the glycolytic and tricarboxylic 
acid cycles was studied. 


METHODS 

The relative contributions of glycolytic and non- 
glycolytic pathways of substrate breakdown, and also 
total Krebs cycle activity, were determined by the use 
of appropriate inhibitors, Comparisons were made be- 
tween respiratory rates of leaf disks infiltrated with 1/ 
15M phosphate buffer, pH 4.5, and disks infiltrated with 
an inhibitor solution made up in the same buffer. Gly- 
colysis was inhibited by 1/20M NaF, which interferes 
with enolase. The Krebs cycle was inhibited by 1/20M 
malonate, Although in some plants this compound may 
act as a metabolite [2], in those in which it is inhibitory 
the site of action is succinic dehydrogenase, the inhibi- 
tion being competitive [3, 4]. Oxygen absorption was 
followed manometrically at 30°. In studies of NaF inhi- 
bition, readings in the Warburg were begun immediately 
after infiltration of the inhibitor (20-minute exposure). 
In studies of malonate inhibition, readings were taken 
one hour after infiltration, since there is a lag period 
of about an hour before inhibition is evident [5]. 

Glycolysis and Krebs cycle activities, as well as 
terminal oxidase activities, were therefore assessed in 
terms of total oxygen absorption in the presence of an 
inhibitor which had been infiltrated into living leaf tis- 
sue. The advantage of this method is that it preserves 
the structural integrity of cells while providing an indi- 
cation of the effect of photoperiod on the general meta- 
bolism of leaf tissue. More refined methods of deter- 
mining individual enzymes, which necessitate tissue ho- 
mogenization and lead to the juxtaposition of systems 
and metabolites normally separated, are less suitable 
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for study of the photoperiodic response, since its com- 
plex physiological end results would be vitiated by cell 
disruption. 

The negative feature of this method is incomplete 
and non-specific inhibition, with the resultant ambigui- 
ties of interpretation of data obtained [6]. For a num- 
ber of reasons we have assumed that an increase in in- 
hibition of over-all respiratory activity by a given in- 
hibitor indicates an increased contribution of the system 
inhibited to the total process. Even with some other 
interpretation, however, it is possible to decide whether 
the particular reaction inhibited is affected by photo- 
periodic regime, or whether it is unaffected, It is also 
possible to determine by analyses over a 24-hour period 
whether the over-all rates of those respiratory processes 
inhibited differ in the light and dark period, and whether 
such differences, if they exist, are the same for a short 
and a long day. 

Long-day species investigated were Victory oats 
(Avena sativa), Rudbeckia (Rudbeckia bicolor) and 
Silvestris tobacco (Nicotiana silvestris); short-day spe- 
cies were Japanese millet (Panicum miliaceum), red 
Perilla (Perilla nankinensis), Harbin soybean (Soya his- 
pida) and Mammoth tobacco (Nicotiana tabacum). _ 
These plants were grown at a day length at which the 
photoperiodic response would not occur. In the species 
under study, the response requires exposure to a favora- 
ble photoperiod for a period of not less than 10-14 days. 
Therefore, respiration at an unfavorable day iength was 
compared with that on the 7th-10th day of induction at 
a favorable day length, i.e., just at the time the photo- 
periodic response was occurring. Measurements of res- 
piration were made six times in a 24-hour period in 
order to determine the diurnal respiratory pattern, Meth- 
ods of plant cultivation, photoperiodic regime, and pro- 
tocol for the 24-hour experiments were the same as 
those in the previous experiments with oxidases. 


RESULTS 
Glycolytic activity of the long-day and short-day 
plants under consideration is shown in Table 1 and Fig. 
1. Table 1 shows that in most of the species sensitivity 
to NaF on a short day is slightly greater than on a long 


(average of three-eight determinations) 


TABLE 1, The Effect of Day Length on Inhibition of Respiration by Sodium Fluoride 


& = O, absorbed in one hr by O, absorption, % of 
100 mg dry leaves, p11 total** 
Plant & |totalres-| 
635|= % — |piration jresidual jinhibited |residual | inhibited 
aa | 
Long~ day Species 
S 416 208 208 50 50 
L 326 193 = 
6 S 147 94 5 
Silvestris tobacco L 142 78 
ats 8 S 22 12 1 
bi L 237 133 104 56 44 
Short-day Species 
ammoth tobacco 3 Ss 183 108 75 59 41 
7 s 174 2 7 
L 176 54 125 29 71 
Harbin soybean 4 S 453 179 274 40 60 
ae 478 170 308 36 64 


Mammoth tobacco and Harbin soybean. 
** Total respiration taken as 100%. 


day. NaF inhibits glycolysis, leaving untouched other 
pathways of degradation of respiratory substrate, the 
chief of which is, evidently, the widely distributed 
hexosemonophosphate pathway [7, 8]. A change in de- 
gree of inhibition by this compound is indicative, there- 
fore, of a change in the relative contributions of glyco- 
lytic and non-glycolytic pathways to respiration. On a 
long day, non-glycolytic processes are relatively more 
important, while on a short day glycolytic processes are 
more important, This tendency is apparent in most of 
the long-day and short-day plants studied, although in 
absolute terms the shift is very slight. 

Fig. 1 represents the effect of photoperiod on diurn- 
al patterns of glytolytic and non-glycolytic conversions 
in short-day (Fig. 1 A) and long-day (Fig. 1 B and C) 
species. Transfer of plants from an unfavorable to a 
favorable photoperiod causes a marked alteration in di- 
urnal patterns of glycolytic activity, and also in patterns 
of the stable portion of respiration. However, the times 
at which maxima and minima occur, and also the gener- 
al shapes of the curves, are widely different from species 
to species, Even in Rudbeckia (Fig. 1 B) and Silvestris 
tobacco (Fig. 1 C), which are both long-day plants, 
the response to photoperiod differs greatly. 

Thus, day length alters the diurnal course of gly- 
colytic and non-glycolytic activity, but plant species 
exerts great influence on the nature of these changes. 
Evidently the effect of day length on relative activities 


*Determinations made six-eight times in a 24-hour period for Rudbeckia, Silvestris tobacco, 
Victory oats and Japanese millet. Determinations made only during the daylight hours for 


of the glycolytic and hexosemonophosphate cycles is 
indirect, being exerted primarily on some other proc- 
esses associated with these cycles, The diurnal patterns 
of glycolytic and non-glycolytic activity are different for 
short and long days, but no clear-cut, direct dependence 
of these diurnal changes in respiration on the alternation 
of night and day or on the duration of light and dark 
periods can be detected, 


The effect of day length on inhibition of respira- 
tion by malonate solutions is of another type (Table 2, 
Fig. 2), A change in sensitivity of respiration to malo- 
nate should reflect the relative contribution of the Krebs 
cycle to this process. 


Table 2 indicates that malonate inhibits about half 
the total oxygen absorption in leaves of short-day and 
long-day species, the extent of inhibition being practi- 
cally the same on short and long days for most plauts, 
This indicates that photoperiod has no effect on Krebs 
cycle activity in the leaves of the plants investigated. 


The effect of day length on diumal patterns of 
Krebs cycle activity also proved very slight. The pat- 
terns of both the inhibited and uninhibited fractions of 
the respiration were synchronous on short and long days 
(Fig. 2 A), or else they showed only weak fluctuations 
in the course of a 24-hour period (Fig. 2 B). Change 
in day length did not lead to any marked alterations 
in the diurnal patterns, 
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of three-eight determinations) 


TABLE 2. The Effect of Day Length on Inhibition of Respiration by Malonate (average 


lz O, absorbed in one hr by | O, absorption, % of 
100 mg dry leaves, total’ 
a pirat on | residual jinhibited jresidual |inhibited 
| 
Long —day Species 
Victory oats p 130 69 61 53 47 
146 74 72 54 49 
Rudbeckia 8 p 275 122 153 44 56 
216 118 46 D4 
Silvestric tobacco 6 f 147 78 69 53 47 
142 


Japanese millet 6 
Harbin soybean 


Mammoth tobacco 
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DISCUSSION 
By comparing these results with those obtained in 
experiments on the effect of day length on various ter- 


Short-—day Specie 


minal oxidases [1], it is possible to arrive at certain pre- 


liminary conclusions as to the respiratory components 
most strongly and directly affected by photoperiod and 
those not so affected, 

The first stage in degradation of respiratory sub- 


strate may be accomplished via the glycolytic pathway 


or via a non-glycolytic pathway, the hexosemonophos- 


phate pathway being most likely. As these experiments 
show, day length has a certain influence on the relative 
contributions of these two pathways, there being a ten- 


dency toward enhancement of glycolytic activity on 


long days, but analysis of diurnal curves reveals that the 


actual ratio of the two activities is not affected by day 
length, Evidently, at this stage the effect is only in- 
direct, being mediated through processes which are in 
turn dependent on certain products of glycolysis or the 
hexosemonophosphate cycle. Most probably, this inter- 


mediate link involves growth and development processes. 


Utilization of intermediates of the glycolytic and hex- 


osemonophosphate cycles in growth and development is 


indicated by the fact that the relative contributions of 
the two pathways vary with plant age [9] and with rate 


of growth (as in treatment with gibberellin [10]). Prod- 


ucts of the hexosemenophosphate cycle are known to 
be involved in nucleic acid synthesis [8], and at least 
one of the reactions of glycolysis — the oxidative phos- 
phorylation reaction — is necessary for the initiation of 
flowering in the short-day plant Ipomaea [11]. 

Thus, by altering growth and development, and 


64 82 44 56 

43 73 37 63 
295 251 54 48 
275 240 53 47 
217 44 83 17 
160 


thereby altering the requirements for glycolysis and 
hexosemonophosphate cycle intermediates, the photo- 
periodic stimulus must exert an indirect effect on the 
rate at which these cycles operate on a short or a long 
day. 

: In most organisms, the end products of these cycles 
are then fed into the Krebs, or tricarboxylic acid cycle, 
where they are further degraded, In our experimental 
material (short-day and long-day mesophyte species), 
the over-all rate at which this cycle proceeds 
to be about the same for short and long days. The di- 
urnal pattern of Krebs cycle activity was also essential- 
ly the same for short and long days. This, however, 
does not mean that the Krebs cycle has no role in pho- 
toperiodism. Participating in the complex, multistage 
photoperiodic response, which in many plants marks a 
transition from the vegetative to the reproductive con- 
dition, are hormones, vitamins, various products of 
carbohydrate and protein metabolism, and intermediates 
in photosynthesis and respiration [12]. Possibly Krebs 
cycle intermediates are also involved. In non-photo- 
synthesizing soybean, for example, these intermediates 
are able to substitute for sucrose as a factor required 
for the successful completion of the photoperiodic re- 
sponse [13]; application of any of a number of organic 
acids can somewhat retard or hasten development of 
Salvinia natans on a favorable long day [14] How- 
ever, Krebs cycle processes, which occur with equal 
ease on short and long days, may be only remotely con- 
nected to that metabolic process which limits the pho- 
toperiodic response on an unfavorable day length and 
promotes it on a favorable day length, 
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Fig. 1. Diurnal pattem of respiratory inhibition by sodium 
fluoride in Perilla (A), Rudbeckia (B) and Silvestris tobac- 
co (C). 1) Long day; Il) short day. Diagonally hatched) 
darkness; unhatched) light. 1) Over-all respiratory rate; 
2) respiration stable to NaF; 3) inhibited respiration. 


In general, day length has a comparatively weak 
and indirect influence both on the anaerobic stages of 
carbohydrate breakdown, whether glycolytic or non- 
glycolytic, and on the aerobic stage involving the Krebs 
cycle, 

Another aspect of respiration is represented by the 
terminal oxidation of hydrogen removed from the sub- 
strate at various stages of breakdown. As already reported 
[1], the effect of day length on various terminal oxi- 
dase systems has been studied, It was shown that in all 
plants, regardless of photoperiodic type, a long photo- 
period consistently enhanced the activity of those oxi- 
dases containing heavy metals, while a short photo- 
period distinctly enhanced that of oxidases mediating 


the residual respiration. In all plants, a given photo- 
periodic regime was associated with a particular diurn- 
al pattern of terminal oxidase activity, On a short day, 
there was a significant rise in activity of non-metallic 
oxidases mediating the residual respiration which was 
associated with minimal activity of the heavy-metal 
oxidases during the first half of the dark period, Day 
length thus proved to exert a direct and clearly marked 
inflence on this stage of respiration, Nakayama [11] 
also concluded that in Pharbitis Nil terminal oxidases 
participate in the dark stage of the photoperiodic re- 
sponse. 

Activity of the terminal oxidase systems is asso- 
ciated with the release for utilization by the organism 
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\! Fig. 2. Diurnal patterns of respiratory inhibition by 


malonate in Japanese millet (A) and Victory oats (B). 
I) Long day; II) short day. Diagonally hatched) dark- 
ness; unhatched) light. 1) Over-all respiratory rate; 

2) respiration stable to malonate; 3) inhibited respira - 


tion. 


of 60-90% of the total energy of respiration [6]. The 
direct participation of respiratory energy in photo- 
periodism is shown by experiments with dinitrophenol 
(15, 16]— an inhibitor which uncouples respiration from 
synthetic processes, This inhibitor completely supresses 
the photoperiodic response in Xanthium. 

Thus, that portion of the respiratory process asso- 
ciated with oxidation of hydrogen and with synthesis of 
high-energy bonds is evidently most directly involved 
in the photoperiodic response. 


SUMMARY 

1, A photoperiodic stimulus alters the diurnal pat- 
tern of glycolytic activity relative to non-glycolytic 
activity. On a short day, the tendency is toward a 
slight enhancement of glycolysis, and on a long day 
non-glycolytic processes are favored somewhat, Diurn- 
al patterns of Krebs cycle activity as well as over-all 
respiratory activity are the same for short and long days. 

2. Day length has its most clear-cut and direct ef- 
fect on terminal oxidase activity, while it affects ana- 
erobic pathways of carbohydrate breakdown somewhat 
less directly and Krebs cycle processes not at all. 

3, The reactions associated with terminal oxidase 
activity and with utilization of respiratory energy are 
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closest to the photoperiodic reactions which occur in a 
favorable photoperiod, Glycolysis is at a greater re- 
move from the photoperiodic response, and there is no 
direct relation of photoperiodism to the Krebs cycle, 

The author wishes to express his deepest gratitude 
to Professor M. Kh, Chailakhyan, Scientific Director, 
for help rendered in the course of this study. 
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Many crop plants are thermophilic and are damag- 
ed when subjected to comparatively short periods at 
low temperatures above freezing. One of the physio- 
logical methods for increasing the cold tolerance and 
yield of these plants is to harden the seeds in a cold 
period interrupted by warm periods. The advantage 
of this method over others lies in the fact that cooling 
of seeds is much simpler and requires less effort and 
time than any treatment of the growing plant. However, 
much further work must be devoted to physiological 
distinctions in plant cold tolerance, 

For a long time the causes of damage and death of 
thermophilic plants at low temperatures above freezing 
have been sought. However, even now the reasons are 
not completely clear, As long ago as 1897 Molisch sug- 
gested that damage to the metabolism was the cause for 
the death of thermophiles from cold, Later this view 
was accepted and defended by other scientists who 
marshalled facts concerning various aspects of plant 
metabolism at chilling temperatures [1-5]. 

On the basis of a series of experimental studies and 
evaluation of the literature Genkel’ formulated the 
following concept for explaining the death of thermo- 
philic plants from cold, Cooling causes a reduction in 
the viscosity of the protoplasm followed by a marked 
increase in the viscosity. During cooling there is a 
change in the activity of the oxidative enzymes which 
is interrupted by the dehydrases, The submicroscopic 
structure of the protoplasm is disrupted with concomit- 
ant damage to the energy-transfer system essential to 
the maintainence of the protoplasm. The result is de- 
struction of harmony in the enzyme system and metabo- 
lism and leads to plant death [3, 4, 6, 7]. 

On the basis of multilateral studies of the effect of 
cold on variability of plant cold tolerance,Zholkevich 
expressed the interesting hypothesis that the energy 
evolved in the respiration process is blocked and its ef- 
fective use is prevented as a consequence of damage to 
the energy-transport pathway from respiration through 
the intermediary metabolism to the locus where the 
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energy is required. In this way respiration to an appre- 
ciable degree loses its physiological importance and 
acquires the character of a pathological process. Such 

a disruption of the intra-cellular energy metabolism is 
one of the important reasons for plant damage and death 
from cold [5]. So far insufficient attention has been de- 
voted to the study of the reciprocal effects of separate 
organs, particularly in investigations of the physiologi- 
cal effects of cold. Moreover, a study of the effect of 
cooling the roots upon the plant has great scientific in- 
terest related to the most important role that roots play 
in plant metabolism [8, 9]. In addition, study of the 
possibility of increasing the tolerance of plants to chil- 
led roots is important for the development of vegetable 
production, In a number of regions of the USSR under 
field conditions and even in covered beds the tempera- 
ture of the rooting zone may go appreciably lower than 
that favorable for growth. 

Chilling root systems of thermophilic plants disturbs 
the metabolism particularly by deranging the enzyme 
system, respiration and chlorophyll formation. Absorp- 
tion of water and mineral elements is interfered with 
and so is their distribution through the plant [10-13]. 

The objective of our work in 1959 was to study the 
causes and conditions for the differing tolerance of 
hardened and unhardened thermophiles to chilling of the 
root system. Therefore, our attention centered on the 
respiration process, since a number of findings argued 
for the great importance of its role in plant tolerance. 
The rate of respiration bears a close relation to the 
plant species, its stage of development and its physiolo- 
gical condition, particularly in relation to a given ef- 
fect of the temperature, and predominantly to the tem- 
perature regime [14-21]. In a vast majority of cases 
the rate of respiration reflects the level of plant meta- 
bolism. However, under certain conditions a high rate 
of plant respiration is not accompanied by an over-all 
vitality, The existence of such a situation in respiration 
was first shown by Engel'gardt[see 19b]. Zholkevich 
[5] observed a similar disturbance in the respiration pat- 
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tern in cucumbers while they were cooled and especially 
after their transfer from cold to warm temperatures. 
Therefore, respiration energy which had not been used 
for endothermic synthesis in support of the protoplasmic 
structures and the over-allnormal living processes had 
been designated as non-productive energy [18]. 

In our experiments with tomatoes, maize and cu- 
cumbers hardened to the cold, leaf respiration under 
favorable conditions was more intense than in the un- 
hardened plants, We observed non-productive respira- 
tion by studying tomato leaves directly during the cool- 
ing process, 

Nonproductive respiration was studied in maize at 
the end of its ontogeny in relation to sharply fluctuat- 
ing temperature. Under these conditions respiration of 
hardened plants was the more productive [22]. 

The details presented above argue for the impor- 
tance of respiration in the cold tolerance of thermo- 
philes and are background for the study of leaf respira- 
tion in hardened and unhardened cucumbers when their 
root systems are chilled. 

Plants of single species and varieties differing only 
in cold tolerance, in the vigor with which one germinat- 
ed from non-hardened and the other from presowing 
hardened seed, were handled methodologically as simi- 
lar subjects for the study of various questions conceming 
cold tolerance, 


METHODS 
Our studies of leaf respiration rate when the roots 
were cooled was conducted with cucumbers, a plant very 
sensitive to cold and therefore very interesting, Cold- 
hardening was accomplished by interrupted coviing of 
the seeds according to the method of Voronova [23] modi- 
fied by us [4]. 


TABLE 1, Temperature Regime of Experiments, °C 


Prior to sowing the seeds were soaked in water for 
twelve hours. Then the moist, swollen seeds were sub- 
jected to interrupted periods of cooling: 18 hours a day 
at-3°C inthe refrigerator, followed by six hours a day 
at 22°C. So that all of the seeds could germinate, 

they were all held at 22°C for another day. Control 
plants were grown from unhardened seeds treated upto 
the moment of sowing in the same way as the hardened 
seeds, Hereafter,"hardened plants” means plants raised 
from seeds hardened as described above. All seeds 
were sown at the same time, 2-3 per greenhouse pot 
containing soil. In Experiment 1 the seeds were sown 
in gravel. The plants were raised in 1959 in a green- 
house on the Artificial Climate Station of the Institute 
of Plant Physiology. 

In the experiments described below the cucumber 
root systems were chilled while the shoots remained at 
room temperature, 

The experiments were begun with young plants 
four weeks old bearing the third true leaves. The plants 
were then transferred to a chamber at constant tempera- 
ture and humidity. The pot was cooled in a thermostat 
in the chamber while the tops of the plants remained at 
air temperature and 65% relative humidity. The plants 
were lighted with fluorescent lamps. In Experiment 1 
the plants were grown in gravel with the nutrient solu- 
tion of Chesnokov and Bazyrena[24]. The vessel con- 
taining the nutrient solution with the pot containing the 
gravel submerged in it was set in a thermostat in order 
to cool the root system in such a manner that the top of 
the gravel layer was even with the surface of the cold 
water, The entire plan included three experiments 
with cucumber. The results are reported below (Table 
1). The Nezhinskii variety of cucumber was used in 
two experiments and the Nerosimyi variety in the third. 


No,1,Variety No, 2,Variety No, 3, Variety 
Treat- | Pre-sowing seed Nezhinskii Nerosimyi Nezhinskii 
ment treatment Root system Bhoot Root system | Shoot | Root system] Shoot 
1 Hardened \ from 8 to 10, 
2 Unhardened then 25 from 5 to 7|¢25 from 3 to 6 om 20 to 22 
from 3 to 6 
3 Hardened 
4 Unhardened 25 25 25 25 prom 20 to 20 to 22 


The temperature gradient from the soil surface (or grav- 
el) to the bottom of the pot is shown in Table 1. 

In Experiment 1 we studied the effect of cooling 
root systemsslightly but for a prolonged period (8-10°C 
for 4 weeks dropped to 3-6°C for two days). In Experi- 
ments2 and 3 we studied the effect of a shorter period 


(3-7 days), with the root system cooled to temperatures 
critical for cucumbers (3-6°C at the bottom of the pot), 
The pots containing plants with uncooled root sys- 
tems (control plants) were placed in a tray in the same 
chamber as the chilled plants. In this way all of the 
plants shoots were held at the same conditions of tem- 
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TABLE 2, Leaf Respiration of Cucumber Variety Nezhinskii at 25°C (mg CO,/g 
dry wt/ hr) 


Pre-sowing seed 


Roots cooled 


Uncooled 


treatment 1 2 


3 1 2 


Unhardened 59.0 
Cold-hardened 30.8 


100 
52,2 


114,3 
60.9 


51.6 
50.6 


100 
98.1 


Note: 1) Respiration rate, mg CO,; 2) % relative to respiration rate of unhardened 
cucumbers; 3) % relative to leaves of plants without cooled root systems. 


perature, light and relative humidity. 


Tolerance of Hardened Plants to Cooling 


of the Root System 


Plants with uncooled root systems (treatments'3 and 
4) grew and developed normally. At the end of the ex- 
periment they had appreciably more and larger leaves 
than those plants which had cooled root systems. 

The effect of cooling the root system was observed 
in the shoot and the qualitative damage was assessed. 

Cooling the root system of cucumber retarded growtt 
and development and then damaged the shoot organs in 
all three cold treatments, In Experiment 1, with pro- 
longed but slight cooling of the roots evidence of inter- 
ference with the growth processes appeared one week 
after the experiment began, Leaf damage was detect- 
able when the root system was cooled to the critical 
limit. Damage symptomsbecame distinct after the root 
temperature was raised, 

The effect of root cooling appeared 18-20 hours 
after Experiments 2 and 3 began. Leaves of the first 
whorl and the cotyledons lost turgor. In a few plants 
the cotyledons lost so much turgor that they hung limply. 
However, after 5-6 hours turgor was regained and the 
plants to external appearance had recovered. However, 
growth of the shoot of plants with cooled roots had been 
visibly very retarded.and later was completely curtailed. 
On the third day signs of damage again appeared, This 
was expressed as a loss of turgor, bleaching of the leaves 
appearance of necrotic spots and drying of the edges. 
Differences in the tolerance of hardened and unharden- 
ed cucumbers appeared on the fourth day of cooling. 

In unhardened plants of variety Nerosimye (Expt. 2) an 
average of 28.6% of the leaves had been damaged; in 
the nardened only 16.7%, i.e., the hardened plants were 
more resistant to root cooling than the unhardened. 
Likewise, in Experiment 3 (variety Nezhinskii) with 
roots cooled four days there were 277 more undamaged 
leaves in hardened plants than unhardened; 21% after 
seven days cooling. The root systems were cooled for 

a total of seven days. For a day after cooling was 
stopped in all plants of variety Nerosimyi the leaves 
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of the first whorl continued to dry up and the cotyle- 
dons and leaves of the second whorl were also severely 
damaged: 64% in the unhardened plants and 48% of the 
hardened, Leaves of the third node had little visible 
damage. In Experiment 3 (variety Nezhinskii) five 
days after the cooling treatment was terminated 100% 
of the unhardened and 57% of the hardened plants were 
flaccid. At the same time 5% of the leaves of unhard- 
ened plants and 17% of hardened plants remained ex- 
ternally undamaged. Correspondingly.14% and 35% of 
the stem tissues were undamaged, 

Cooling the root systems for seven days more after 
the cooling treatment was interrupted resulted in death 
of all plants, Three days of cooling resulted in severe 
damage to many plants,but a majority of them were not 
killed, In all three experiments the plants from seeds 
hardened by a pre-sowing interrupted cooling were more 
tolerant of root cooling than were the unhardened. 


Leaf Respiration in Hardened Cucumbers 


during Cooling of the Root System 


The rate of respiration was determined on leaf 
discs cut from the leaves with a cork borer. In Experi- 
ments 1 and 2 the respirationrate was determined 
on the basis of CO, evolution using the method of Boy- 
sen-Jensen (modified by S. V. Targeeva, In Experiment 
3 respiration was determined on the basis of O, 
absorption in a Warburg respirometer. Determinations 
were replicated five times at the same temperature to 
which the shoots were exposed during the experiment. 
Green leaves without necrosis and having maximum 
turgor were used, 

In Experiment 1, after the roots were cooled for 
three days at 8-10°C the temperature of the gravel was 
3-5C, Within five hours after this the rate of respira- 
tion of the leaves of the tenth node was determined. 
The respiration rate was the same in the hardened plants 
as in the unhardened plants not subjected to root cool- 
ing. Lowering the root temperature from 10° to SC had 
an unequal effect on leaf respiration: in hardened plants 
the respiration rate fell 39.1% and in the unhardened 
rose 14, 3% (Table 2). 


3 
100 
| 


Fig. 1. Respiration of leaves of cucumber variety Nerosimyi at 25°C 
(mgCO,/ hr/ 100 g dry leaves). Expt.2, A) First node: 1) third day; 
2) seventh day; 3) ninth day (24 hours after root cooling terminated); 
B) Second node: 1) seventh day; 2) ninth day (24 hours after root 
cooling terminated), Open bars) roots cooled (+5°); hatched bars) no 
colling (25°C); 4) unhardened; b) cold-hardened plants. 


Fig. 2. Respiration rate of cucumber 


variety Nezhinskii at 20° (mgO,/ hr/ g 
leaf dry wt). Experiment 3, 1) Roots 
cooled 4 days; 2) cooled 7 days; 3) 
24 hours after a seven-day cooling 
terminated, Other symbols as in Fig. 
1. 


During the first two days of Experiments 2 and 3 
respiration was determined in leaves of the first node, 
later in the first and second node, and at the end of 
the experiment only in leaves of the second node. 

The results of Experiment 2 (Fig. 1) show that 
the respiration rates of leaves from both hardened and 
unhardened plants whose roots were not cooled were 
nearly identical. The second node leaves which were 
younger respired more rapidly than the old leaves of 
the first node. 

When the root systems of both hardened and un- 
hardened plants were cooled a burst in respiration oc- 
curred in the leaves of the first node (Fig 1 A). Second 
node leaves of both hardened and unhardened plants re- 
acted completely differently to root cooling. In hard- 
ened plants cooling the root system for seven days did 
not elicit much change in leaf respiration rate, while 
respiration increased up to 60% in unhardened plants 
(Fig. 1B). 

The result of root cooling upon leaf respiration was 
also determined twenty-four hours after cooling was ter- 


minated, No great differences were noted in the first 
node leaves among the plants of different treatments, 
possibly because of their natural aging (Fig 1 A,3). In 
second node leaves on plants with cooled root systems 
respiration slacked off: in unhardened plants it was de- 
pressed 49% and in hardened plants 27% (Fig. 1 B, 2). 

The results of Experiment 3 with cucumber variety 
Nezhinskii are depicted in Fig. 2. In all treatments 
of the experiment where the root system was not cooled 
the leaf respiration rate was greater than in hardened 
plants. At the beginning of the experiment the respira- 
tion of the first node leaves of hardened plants exceed- 
ed the unhardened by 194%, After a week the respira- 
tion of leaves from the second note was determined. 
The respiration rate of hardened leaves was 114% of the 
respiration in unhardened plants. 

Cooling the root systems for four days at tempera- 
tures of 3-6°C affected the leaf respiration of hardened 
and unhardened plants differently. The respiration of 
the hardened plants increased 13%. In unhardened 
plants there was a sudden respiration spurt which ex- 
ceeded nearly four-fold the leaf respiration of plants 
without cooled roots (Fig.2, 1). When the root system 
was cooled for seven days the young leaves (second node) 
respired more rapidly (Fig. 2,2), As before,the respira- 
tion burst was 14% greater in the leaves of unhardened 
plants. 

Determination of leaf respiration rate twenty-four 
hours after the termination of a seven-day cooling of 
the roots showed that respiration of second node leaves 
was somewhat less than on the seventh day of cooling 
in hardened plants,but in unhardened plants it had risen 
a little. In unhardened plants the aftereffects of root 
cooling was a 351% increase in leaf respiration. In hard 
ened plants with uncooled roots respiration rose 224% 
(Fig. 2,3). 

We can make the following comparisons of respira- 
tion rate of the leaves of cucumber, all organs of which 
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remained at room temperature, and plants in which 
only the shoot remained at room temperature while the 
roots were cooled at 3-SC: 1) At temperatures favor- 
able for metabolic activities the rate of respiration of 
hardened plants was the same or higher than the respira- 
tion of unhardened; 2) root cooling caused a strong burst 
in leaf respiration rate; 3) the amount of increase in leaf 
respiration when the roots were cooled depended on the 
over-all cold tolerance of the plants, since in the unhar- 
dened, i,e., the less cold-resistant, plants of cucumber, 
the respiration burst was more intensive than in the more 
resistant hardened plants, 

It is recognized that one of the indicators of phys- 
iologically effective respiration may be the content of 
acid-soluble phospho-organic compounds [19a]. More 
effective respiration is usually accompanied by a large 
fraction of such compounds, 

We analyzed for the amount of these phosphorus 
compounds in hardened and unhardened plants using 
the methods of Zholkevich [19b]. In Table 3 the phos- 
phorylated nucleotide-ester fractions soluble in a cold 
trichloroacetic acid filtrate were separated out by acti- 
vated carbon which absorbed all of the nucleotides but 
absorbed none of the phosphorylated sugars and mineral 
phosphorus, Analysis for total and mineral phosphorus 
after absorption of the trichloroacetic acid filtrate made 
it possible to calculate the total amount of phospho- 
rylated sugars as the difference between total and miner- 
al phosphorus, Results of one of these analyses are 
shown in Table 3. 


TABLE 3, Amount of Phosphorylated Sugars in Leaves of 
Cucumber Variety Nezhinskii 


Acid-soluble P after absorption with 
carbon (g/g dry wt) 
Seed Treatment | Total | Inorganic Organic 
Roots cooled 
Hardened 1700 1268 432 
Unhardened 2188 1444 145 
Roots not cooled 
Hardened 3279 2645 634 
Unhardened 2527 1601 926 


The data in Table 3 shows that the amount of 
acid-soluble phosphorylated sugars is decreased by root 
cooling, to a lesser extent in hardened than unhardened 
plants. In addition to the decrease in amount of phos- 
phorylated sugars in the leaves of cooled plants, there 
occurred a significant increase in the amount of the 
simple sugars, glucose and fructose, and of sucrose (de- 
termined chromatographically) [25], to a larger extent 
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in the unhardened plant than the hardened, The ratio 
between simple and phosphorylated sugars (i.e., accumu- 
lation of the simple and decrease of the phosphorylated 
sugars) indicates a slowdown in the phosphorylation re- 
action [19 b,c]. Cooling the root system depressed leaf 
respiration less in hardened plants than unhardened plants. 

The matching of data on respiration rate, amount of 
phosphorylated sugars and amount of the simple sugars 
glucose and fructose and of sucrose with root cooling on 
the one hand and cold tolerance on the other indicates 
a connection between physiological conditions and cold 
tolerance of hardened and unhardened plants. In hard- 
ened, more resistant plants, cooling affects respiration, 
accumulation of simple sugars and phosphorylated sug- 
ars appreciably less than in unhardened plants. Conse- 
quently, we may conclude that the inordinate increase 
of respiration rate in plants damaged by cold is a quick- 
er sign of metabolic disturbance than it is a beneficial 
sign. In every case the portion of energy accumulated 
by such respiration is clearly reduced. 

Our finding of a lesser disturbance of leaf respira- 
tion in hardened cucumber plants during root cooling in 
connection with their great cold tolerance is new cor- 
roboration that by pre-sowing hardening of seeds with 
interrupted cooling the characteristic physiological re- 
actions of thermophilic plants can be altered by a 
change in their environment. 

In Experiment 2 the water-holding ability of the 
leaves was determined. The grounds for this are the 
data of Semikhatova[17c]Jand the relation between leaf 
water-holding ability and leaf respiration. In leaves 
possessing greater ground respiration a correspondingly 
larger reduction of water-holding ability [1'7b] occurs 
when respiration is interrupted in a nitrogen atmosphere. 

Determinations were made of the water-retaining 
capacity of leaves from Nerosimyi cucumber plants 
(Experiment 2) with roots cooled for three- and seven-day 
periods, The water-retaining capacity was characterized 
by the amount of water retained by excised first or second 
node leaves expressed as a percent of the original water 
content, 

One leaf of a certain node was excised from five 
plants of each experimental treatment, Petioles were 
removed, The leaf blades were pinned to a thin wooden 
strip so that the leaves did not touch or shade one an- 
other, The strip was always mounted at the same distance 
from flourescent tubes in a chamber at a constant 
temperature of 25° and relative humidity of 65% The 
groups of leaves were weighed every 30 minutes over a 
four-hour period. Then the leaves were removed and the 
dry weight determined. 


It appears that in all determinations made on plants 
of both the hardened and unhardened treatments cooling 
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Fig. 3, Water-holding ability of leaves of cucumber variety Nerosimyi (amount 
of water retained by excised leaves in percent of original water content), Ex- 
periment 2, A) Third day and B) seventh day of root cooling. 1 and 2) Plants 

unhardened; 3 and 4) hardened; 1 and 3) roots cooled; 2 and 4) not cooled, 


of the root system caused a definite increase in the 
water-retaining ability of the leaves compared to plants 
kept at 25° (Fig, 3). It could be hypothesized that this 
comes about through an increase in the hypdrophilic 
property of colloids in the protoplasm or an increase in 
amount of sugar in the leaves, In addition to this, if the 
entire plant or its root system is cooled, the shoot organs 
lose turgor (this occurred in our experiments also), During 
prolonged cold the leaves cumulatively dehydrate al- 
though the leaves do not dry out completely, However, 
dehydration is not the primary cause of plant death, 
Water loss during cooling is one of a complex of pheno- 
mena which, because of disturbances to the metabolism, 
lead to plant death [2]. Augmentation of leaf water- 
holding capacity through cooling of the roots is apparent- 
ly an adaptive reaction and actually, in the more cold- 
tolerant hardened plants, the water-retaining capacity of 
the leaves of the first node was greater than in the un- 
hardened plants, It is known that hydration of the pro- 
toplasmic colloids is an exothermic process [8c]. There- 
fore, it would not be correct to think that the energy of 
respiration can directly facilitate an increase in hydra- 
tion of leaf colloids, The interrelation of respiration and 
leaf water-retaining capacity is evidently a complex 
one growing out of a requirement for respiratory energy 
to maintain protoplasmatic structure under nonbeneficial 
conditions, It is possible that in plants hardened to the 
cold, compared to unhardened plants, a large portion of 
energy released by respiration is directed toward main- 
taining normal vital activities, In plants hardened to the 
cold, leaf water-retaining capacity increases to a larger 
extent during root cooling, while respiration increases to 
a lesser extent, This suggestion agrees well with our 
hypothesis that respiration is more productive in hardened 
plants than in plants not hardened to the cold, 


SUMMARY 
1, Cooling the root systems of young cucumbers for 
three days at 3-5°C results in damage to the shoot or- 
gans. A seven-day cooling of the root system led to 


plant death. When the root system was cooled, in the 
leaves the amount of acid-soluble phosphorylated com- 
pounds decreased and the amount of simple sugars appre- 
ciably increased , indicating a disturbance to phosphoryla- 
tion. In addition, leaf respiration markedly increased, 
This increase in respiration during a slow-down in sugar 
phosphorylation which conditions a depression in growth 
is recognizably unproductive. 

2. A burst of less productive respiration in the 
leaves is more sudden,the more severe the shoot organs 
are damaged during cooling of the roots, This shows the 
interrelation between non-productive respiration and the 
sensitivity of thermophilic plants to cooling. 

3, Root cooling of plants raised from seeds hardened 
to the cold does not cause a burst in leaf respiration or 
the burst is appreciably smaller than in plants grown 
from unhardened plants, At the same time growth proc- 
esses in plants grown from hardened seeds are affected 
less, the shoot organs are damaged less, the decrease in 
content of phosphorylated sugars and the accumulation 
of simple sugars is smaller and the water-holding abili- 
ty of the leaves increases considerably more than in 
plants grown from unhardened seeds, This all indicates 
that respiration of plants grown from hardened seeds dur- 
ing cooling remains more productive than in plants 
from unhardened seeds. This comprises one of the rea- 
sons for their greater cold tolerance, 

In conclusion I wish to deeply thank National Direc- 
tor, Corresponding Member APN RSFSR P. A. Genkel’ 
and candidate in biological sciences V. N. Zholkevich 
for valuable advice during the work. 
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Different nethods of utilization of the microele- 
ment nickel may have a great effect on the develop- 
ment of various agricultural crops, among them the 
grape. 

In grape arbors of the Odessa Agricultural Institute 
prior to flowering of the Aligote variety, NiSO, was 
used according to the methods described previously [1]. 
Two liters of solution, containing 0.05 g NiSO,, were 
applied under each grape bush from all 4 sides, while 
on the control bushes the same amount of water was 
used. All experiments were done in quadruplicate, The 


BRIEF COMMUNICATIONS 


EFFECT OF NICKEL MICROFERTILIZATION ON SOME 
PHYSIOLOGICAL-BIOCHEMICAL PROPERTIES IN GRAPES 


O. K. Dobrolyubskii and A. V. Slavvo* 


Translated from Fiziologiya Rastenii, Vol. 8, No. 3, 


TABLE 1. Effect of Nickel Microfertilization on Weight, Sugar Content, Acid Content 
and Value of Glucoacidometric Indicator GAIof Grape Fruits 


soil of the grape arbor was a southern chernozem, which 
according to its mechanical composition was also heavy 
dusty argillaceous or clayey soil, with a weakly alka- 
line reaction (pH 7.2-7.3), in which the amount of the 
utilizable form of nickel is very small. 

The data given in Table 1 clearly show that during 
four years NiSO, considerably increased the average 
weight of the fruits and the volume of the fruits had 
also increased, The yield of grapes in these years in- 
creased by 8.5-22,3 centmers/ hectare. 


Year of 


Avetag Amopnt Value of 
experiment | Experimental plan weight of g| sugar, % g/t GAI 

1955 Control 116 | 19.0 9.5 2.00 

Microelement 143 18.7 9.15 2.04 

1956 Control 130 13.85 18.3 0.75 

Microelement 157 16.4 14.75 41.09 
4957 Control 96 18.0 13.6 1.32 

Microelement 129 19.55 9.4 2.08 

1958 Control 108 16.95 41.25 4.50 

Microelement 143 18.1 10.1 41.79 


Except for 1955, unfavorable for growth of grapes, 
the microfertilization favored the increase of sugar 
content of fruits and in all cases decreased the acid 
content. Ripening of the grapes, the degree of which 
may be characterized by the glucoacidometric indica- 
tor (GAI) increased under the action of NiSOg the re- 
sults of Table 1 indicate in all cases an increase in 
the valueoftheGAI. As can be seen from the data of 
Table 2, microfertilization favors the increase of fruc- 
tose content (F) to a greater degree than glucose con- 
tent (G) in fruits, This again reaffirms the speeding 
up of grape ripening, since NiSO, increases the ratio 
F:G. Thus, the increase in the amount of invert sugar 
(I) in fruits takes place toa somewhat greater degree at 
the expense of fructose, and because of this the ratio 
of F:I also increases, 


* Deceased. 


There is very little sucrose in the fruits, at the 
most 0,1%, The splitting of F and G is accomplished 
by the enzyme invertase, the activity of which is in- 
creased under the effect of NiSO,. 

As we have noted earlier [2], such positive action 
of. microelements may be explained by the active par- 
ticipation of nickel compounds in various oxidation- 
reduction reactions in the plant. Thus, the oxidizing 
activity of leaf tissues increased from 122 to 160 (in 
ml 0.1N KMnO, per gram of tissue), which indicates 
the change of ratio between oxidized and reduced forms 
in this system. All this reflects the changes of the 
most important indicator-oxidation-reduction of the 
system (E__), which is a function of oxidized and re- 
duced forms of the given tissue. As can be seen from 
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TABLE 2, Effect of Nickel Microfertilization on Accumulation of Various Sugars (in. 
%) and Activity of Invertase Enzyme (in mg %) in Grape Fruits 


Year 


of Experimental 
plan 


jsugar (D 


Invert | Fructose | Glucose 


(G) 


F:G 


Invertase 
activity 


Control 
4955 Mictoelement 
Comrol 
4956 Microelement 
Control 


4957 Microetement 


Control - 
4958 Microelement 


43.22 0 
14.14 
42.40 8 
45.00 4 
16.50 
17.82 
42.15 
13.50 


«oe 


Brrr iil 


TABLE 3. Effect of Nickel Microfertilization on Oxidation-Reduction Potential (Eyy), Oxida- 
tion-Reduction Indicator (rH) and pH Value in Leaves and Fruits of Grapes 


Ey, (in volts) 


rH 


pH 


Experimental object Control | Microelement 


and date of analysis 


Control | Microelement 


Control | Microele- 
ment 


Leaves, August 25 0.457 0.443 
Leaves, September 24 0.579 0.589 
Leaves, September 8 0.763 0.779 


Table 3, in August NiSO, had decreased the value of 

E,; in leaves; however, after a month, after harvest, 

this value was increased in the same way as in fruits, 
Microfertilization decreased the value of pH in 


leaves and increased this value in fruits. 


The latter 


is connected evidently with the noted decrease of ti- 
tratable acidity in fruits resulting from the action of 


27.81 
29.75 
33.57 


NiSO,. 


25.35 
29,32 
34, 56 


6.03 | 5.04 
4.89 | 4.51 
3.63 | 3.85 


In cell processes the oxygen-hydrogen equilibrium 
may be characterized by the oxidation-reduction indica- 


tor: rH = 


+ 2pH. The smaller the value of rH, the 


greater is the reducing capacity of the given system, Mi- 
crofertilization decreased the value of rH in leaves, es- 
pecially in August, and increased its value in fruits, 


TABLE 4. Effect of Nickel Microfertilization on Enzyme Activit y-Ascorbinoxidase, 
Polyphenoloxidase, Peroxidase (in mg of oxidized ascorbic acid per gram tissue), Cata- 
lase (in ml 0,1 N H,O,) and Invertase (in mg %) in Leaves and Fruit of Grape 


Experimental Ascorbinoxidase 


object and date 


Peroxidase 


of experiment 


pH 5 
7.5 


Catalase 
Invertase 


Ap Control 


Control 
Le Mcrober 


Microelement 
Microelement 
ement 


Cor 
OOW 


w 


os 
LI 
DO 


NON WO 


Fil 
(F) 
7.22 | | 0.454 
7.44 0,495 
8.23 6.320 
8 9.52 0.365 
) 8.10 0.509 
Pp 4 8,68 0.513 
= 
= 
| 50.7 136.4 [141.7] — 
112.2 174.43|125.4 | — 
| 26.9 55.6 | 0 
93.2 79.8] 44.8| — 
17.5 94.5 1155.3 | — 
50.0 42.0 123.0] — 
0 2.6 | 44.2 
20.4 6.7 | 19.6 
31.4 59.3 | 85.6 a 
39.2 76.2 | 99.4 
11.0 63.0 | 72.2 
13.7 88.4 |114.7 
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TABLE 5. Effect of Nickel Microfertilization on Content of Total Sugar, Invert Sugar, Sucrose 
(in %) and Total Organic Acids (in mg of tartaric acid per gram dry weight) in Grape Leaves 


Date of Experimental Total sugar} Invert sugar | Sucrose | Total organic acids 

Experiment plan 

August 24,1958 | Control 2.12 1.73 0.38 34.4 
Microelement 2.64 2,12 0.47 38,1 

September 24, | Control 2,33 1,82 0,49 37.5 

1958 Microelement 2.37 1,70 0.64 36.9 


The changes in the direction of oxidation-reduc- 
tion processes in leaves and fruits can be seen in the 
example of the most important enzymes (Table 4). 
NiSO, always increased ascorbinoxidase activity in 
leaves (in acid or weakly alkaline medium) and, except 
for three times, also polyphenoloxidase and peroxidase 
activity. In fruits, ascorbinoxidase and peroxidase ac- 
tivity decreased under the effect of microfertilization 
in 1957, while polyphenoloxidase activity increased. 
In 1958 such growth was noted for all three enzymes. 

NiSO, favored the increase of invertase activity 
in leaves, while catalase activity in leaves and fruits 
increased especially sharply—5 to 7 times. 

It is also interesting to note that under the effect 
of microfertilization a considerable decrease of ascor- 
bic acid amount in leaves was observed: from 12.1 to 
2.6 mg %. Evidently this has some relationship to the 
increase of activity of several enzymes, particularly 
ascorbinoxidase. 

All the changes observed are directly connected 
with carbohydrate metabolism in leaves and fruits. As 
can be seen from the data of Table 5, prior to grape 
ripening (in August) NiSO, increased the total sugar 
content in leaves; invert sugar and sucrose were pri- 
marily responsible for this increase, After harvest 
(September 24), the amount of total sugar in leaves in 
both cases was approximately the same, but NiSO, de- 
creased the invert sugar content, at the same time hav- 
ing increased the amount of sucrose in leaves. 

Microfertilization contributed to the increase of 
total organic acid content in leaves (in August), but a 


month later it was not noticeable. In the fruit, how- 
ever, NiSO, increased the total organic acids from 27.5 
to 33.8 mg. 

Thus, nickel microfertilization has an effect on the 
most important physiological-biochemical processes 
in grapes. The small expense and at the same time 
considerable economic effectiveness of such microfer- 
tilization when used in the grape industry may turn 
Out to be a useful method and deserves wider investiga- 
tion and application, 
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The effect of gibberellic acid on fungi and other 
lower plants has received little attention by research 
workers, However, the small amount of work which 
has been done indicates that its effect is not uniform. 
Brian and co-workers [1] were unable to demonstrate 
any stimulatory or depressant action of gibberellic acid 
on the growth of moulds and bacteria, On the other 
hand, Lu and Bollen [2] have found that potassium gib- 
berellate has a definite stimulatory effect on the activi- 
ties of the soil microflora, particularly on the bacterium 
Azotobacter chroococcum. 

Our own experiments were carried out using ergot, 
a parasitic fungus of the class Ascomycetes, which at- 
tacks many different species of cereals and grasses, The 
aim of this research was to demonstrate the possibility 
of using gibberellic acid as an agent for increasing the 
production of ergot alkaloids by this fungus and as a re- 
gulator of spore formation. 


METHODS 
Experiments using liquid nutrient media. 
The ergot culture was carried out in round 250 ml flasks 
each containing 10 ml of liquid. 

The composition of the nutrient liquid (units per 
1) was as follows: 1) Hofmann's medium[3]: sugar— 
100g, succinic acid— 10.1 g, Ca(NO3), — 1g, KH2PO, 
—0.25 g, Mg g, KCI—0,125 g, FeSO,— 0.0083 
g, ZnSOQ,—0,0034 g, H,O—to a volume of 1000 ml; 2) 
Stoll's medium [4]: sugar— 50 g, mannitol—50 g, succinic 
acid—5.4 g, KH,PO,—1 g, MgSO,—0.3 g, 0,013 g, 
ZnSQ,— 0,004 g, a volume of 1000 ml. 

The solution was neutralized with NH,OH to give 
the required pH. Gibberellic acid was added to the nu- 
trient medium after its sterilization in amounts 0.1, 

0.5, 1.0, 2,5, 5.0 and 10.0 mg per liter of medium. The 
substance was introduced as a solution in a small quan- 
tity of alcohol, As a control, equal amounts of ethyl 
alcohol without the gibberellic acid were added to nu- 
trient media, The nutrient media was inoculated with 


278 


spores from two different strains of ergot: No. 59 from 
couch grass (Agropyron repens) and No. 212 from win- 
ter rye. The cultures were incubated in the dark at a 
temperature of 23-25, Ten repeats of the experiment 
were carried out, 


After 30-45 days growth the experiment was ter- 
minated, The amount of alkaloid in the nutrient medi- 
um was assayed colorimetrically, using Stoll’s method 
[4], which is based on the color reaction between the 
indole group of the alkaloid and paradimethylbenzal- 
dehyde in sulphuric acid. 


In order to estimate the spore output of the fungi, 
we took the whole mycelium from each culture vessel 
at the end of the experiment and subjected it to ten 
washings in distilled water. The total resultant volume 
of water amounted to 100 ml and the number of spores 
in this volume was estimated by sampling in a Gory- 
ainov chamber. The experimental results are set out 
in Table 1. 

As far as can be judged from our results, gibberel- 
lic acid at the dosage used in these experiments shows 
a definite effect on the spore production of the fungus, 
but not on its other activities. It causes a sharp reduc- 
tion in the number of conidiospores formed and this 
reduction is independent of the strain used. 


Gibberellic acid appears to exert no perceptible 
effect on the production of alkaloids by the fungus. In 
the experimental variants (in Hofmann’s medium), 
from which assays of the alkaloid were made, there 
was no constant difference between the treated and un- 
treated mycelia. In the experiments using a different 
nutrient medium(Nos, 4-7),the introduction of gibberel- 
lic acid did not promote any increase in the alkaloid 
content of the fungus. 


* The gibberellic acid used in these experiments was obtain- 
ed from the Institute of Plant Physiology, USSR Academy of 


Sciences. 


TABLE 1, Effect of Gibberellic Acid on Development of Ergot in Sapro- 
phytic Culture 


Experi- | Gibhereljic| Dry weight | Spores per 1 

fim pi um, mg | meas- content, 
urements) 


1,pH 5.3 


2,pH 6,3 


= 
S 


LS 


3,PH 5.3 


oueues 


mre 


4,pH 5.4 


— 


5,pH 7,0 


6,pH 5,4 


7,pH 7.0 


5 
10 


Note: 1) Hofmann's nutrient medium was used in experiments 1, 2 and 3 
and Stoll's medium in experiments 4, 5, 6 and 7; 2) in experiments 1, 2, 4 
and 5 the nutrient solution was inoculated with spores of ergot, strain No. 
59, and in experiments 3, 6 and 7 with spores of strain No. 212. 


TABLE 2, Development of Ergot in Solid Nutrient Media 


Quantity of No, of spores per mm? in thousands Size of spores in 
gibberellic Upper part | Middle of | Lower part microns (mean of 
acid (mg/ 1) of test tube | test tube jof test tube | Mean | 300 measurements) 


Control (without 
gibberellic acid) 1.7 11.5 14,7 11.3 6.8 X 5.4 
10 5.5 9.4 11.6 8.8 1.1% 5,4 

50 6.7 1.4 11.3 8.5 8.3X 5.8 

100 4.9 1.4 8.8 7.0 6.6 X 5,4 


The size of the spores and the dry weight of the as in the previously described experiments. ‘The 
mycelium were not affected by the concentration of gib- amounts of gibberellic acid used in these experiments 
berellic acid used,but varied with the strain. were 10, 50 and 100 mg per gram of agar. A strain of 
Experiments using solid nutrient media, rye ergot was used for all inoculations. 

Wort agar was used as a solid nutrient medium and Spore counts from the solid media were carried 
ergot mycelia were grown in 20 mm test tubes under out by removing small circular disks of mycelium (dia- 
the same cultural conditions of temperature and light meter 1,2 cm) from the upper, middle and lower por- 
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TABLE 3. 


Alkaloid Content (as a %) of Ergot Sclerotia 


Formed as a Result of Inoculating Rye with Conidiospores 
of the Fungus from Different Nutrient Media 


Time when 
sclerotia 
were gathered 


Sclerotia derived from 


Sclerotia derived | spores of wort agar cul- 
from spores of 
wort agar strain 


ture with 50 mg/1 gib- 
berellic acid added 


2-3 June 
18 July 


tions of the test tubes, Each disk was dissolved in 20 
ml of water and a count made of the resultant suspen- 
sions (Table 2). No estimate of the alkaloid content 
was made. 

It appears, therefore, that the effect of gibberellic 
acid on ergot growing in solid nutrient medium is the 
same as that on the fungus in liquid medium, viz: the 
number of spores produced by the mycelium in the ab- 
sence of gibberellic acid is greater than when this sub- 
stance is present, No constant effect on the size of the 
ergot spores is shown by the presence of gibberellic 
acid in the solid nutrient media, All spores formed in 
this medium were large and showed a smaller degree 
of difference between their transverse and longitudinal 
diameters than those from cultures in liquid media. 

Cultures of ergot from nutrient media containing 
gibberellic acid differ markedly in their external ap- 
pearance compared with the control cultures. In the 
controls the mycelium shows a regular spread, is fluffy 
and colored white, whereas in the gibberellic acid treat- 
ed media the mycelium is less fluffy, grey in color and 
has an uneven surface, 


0.458 
0.524 


0.426 
0.516 


At the end of May,1959, we infected rye with con- 
idiospores of ergot and later measured the alkaloid con- 
tent of the resultant sclerotia (Table 3), It is evident 
from this table that the introduction of gibberellic acid 
into the nutrient medium producing the spore inoculum 
has no significant effect on the alkaloid content of the 
ergot in parasitic culture. 

In conclusion, it may be stated that gibberellic 
acid introduced into the nutrient medium in which ergot 
is grown exerts an inhibiting effect on spore production. 
It has no apparent influence on the alkaloid content, 
dry weight or spore size of the mycelium. 
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Our previous investigations [1-3] showed that under 
field conditions, germinating seeds and sprouts of such 
thermophilic plants as cotton, corn, cucumbers, peppers, 
eggplants, watermelons and muskmelons are afflicted 
during a cold period, mainly because they are injured 
by pathogenic microorganisms in the soil. The increas- 
ed pathogenicity of microorganisms in a cold soil is 
explained both by the fact that the thermophilic plants 
“catch cold.” and also, to a considerable degree, by 
the fact that the low temperatures change the biology 
and relationship of the microorganisms in the soil bio- 
coenosis: the pathogenic forms, by virtue of the severe 
inhibition of their antagonists by the cold, become the 
dominating forms, or in any case obtain greater free- 
dom of action, The pathogenic organisms occupy an 
inferior position in the soil bioceenosis under optimal 
temperatures and do not injure rapidly growing plants. 

With early crops and also with the return of spring 
cold spells, especially in the presence of a high mois- 
ture content in the soil, injury to germinating seeds by 
pathogenic microflora frequently causes massive damp- 
ing-off of the seedlings, and even necessitates resowing 
large areas of such valuable crops as cotton and corn. 

We can considerably reduce presprouting death 
of seeds at low positive temperatures if we protect them 
from damping-off. Seeds can withstand the effects of 
cold without harm for rather long periods; they can even 
become hardened by this process, thus increasing the 
cold resistance and early ripening of the plants matur- 
ing from these seeds. 

In this article we will report the data of the plot 
and field experiments with cotton, corn, and cucumbers, 
illustrating the possibility of appreciably reducing the 
presprouting death of seeds at low positive temperatures 
and the need for a more extensive use of this measure 
for increasing the yield of our fields. 

Experiments with cotton. The sowing of 
cotton with seeders which sow a standard quantity of 
seeds has been widely introduced. This method reduced 
the consumption of seeds by more than a third and e- 


liminated the laborious manual operation of thinning 
the sprouts, But with this type of sowing, when four or 
five seeds are dropped in each hill (to produce three 
plants), the need to protect them from damping-off and 
root rot becomes especially important. Here we must 
take into account that the naked cotton seeds, which 
were sowed by the standard quantity method, are es- 
pecially easily exposed to the diseases of the pathogenic 
microflora in the soil. 

Sh. 1. Ibragimov, at the Institute of Genetics and 
Plant Physiology in Tashkent ,tested the possibility of 
protecting cotton seeds from injury in the cold by soil 
microorganisms, Early spring conditions were created 
in the laboratory: a temperature of +5-8° and a high 
moisture content of the soil, The vessels with the soil 
were kept under these conditions. Naked cotton seeds, 
untreated or treated prior to sowing with 4, 8 and 12 g 
of 50%thiuram(TMTDper 1 kg of seeds, were sown in 
each vessel, After eight days of cooling some vessels 
were transferred to warm conditions for germination; 
only 25% of the untreated seeds germinated, whereas 
90% of those treated with 4 and 8 g TMTD sprouted, 
After 15-22 days of cooling, the untreated seeds com- 
pletely lost their germinating ability, whereas all seeds 
treated with increased doses of the preparation (8-12 g) 
when transferred to the warmth germinated, 

To ascertain the actual possibilities of reducing 
the presprouting death of naked cotton seeds, Sh, I 
Ibragimov carried out plot experiments during the un- 
usually cold spring of 1960 at the Institute of Genetics 
and Plant Physiology in Uzbekistan and field experi- 
ments at a State farm and at two collective farms, 

The naked seeds of cotton variety 108-F were light- 
ly moistened and dusted prior to sowing with a 50% 
TMTD dust in amounts of 4, 8, 12 g/ kg of dry seeds; 
the untreated seeds were the controls, Five seeds per 
hole were sown by hand on 26 and 31 March and 6, 11, 
18 April, Each variant was repeated four times; sowing 
was in 60 X 60 cm square hills with three plants per 
hill, The plot area was 30 m? (3 X 10 m); the total area 
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TABLE 1. The Effect of Presowing Treatment of Cotton Seeds with TMTD for Differ- 
ent Sowing Dates on the Density of the Plant Stand (in 1000 per ha) 


TMTD March 26 March 31 
dose, g/ kg 


seeds 


April 6 _ April 11 June 18 


Control 52.6 
4 63.7 


8 69.2 
12 74.8 


58.2 
77.2 
72.2 
78.4 -6 | 60.2 


Note: 1) The plant stand on 10 May; II) on 30 September. 


6 

74. 
85. 
88. 


for the experiment was 0,4 ha. 

The mass appearance of sprouts for all sowing dates 
was observed on 2 May; consequently,the seeds were in 
the soil from 15 to 35 days, The first three sowing 
dates underwent snow and frost several times with a high 
moisture content of the soil. Only the plots sown on 18 
April, where an average of between 3.9 and 4.6 plants 
had germinated per hole, were thinned, 

The effect of presowing treatment of the seeds with 
TMTD on the density of the plant stand was taken into 
consideration on 10 May after the last sprouts appeared; 
during the month from the start of harvesting, 30 Septenr 
ber, we determined the actual density of the cotton 
stand, 

The data of the experiments, given in Table 1, 
show that presowing treatment of seeds with TMTD in 
all variants led to an increase in the plant stand, The 
greatest effect was obtained with the dose of 12 g TMTD 
per kg of seeds, This attests to the fact that to protect 
seeds from the pathogenic microorganisms of the soil 
which cause seeds to rot, larger doses of the preparation 
are required than those used for dry treatment of seeds 
to protect them from infection. 

The data from counting the number of sprouts on 
10 May give us an idea of the extent of the reduction 
in the presprouting death of seeds. We see from Table 
1 that when seeds are treated with 12 g TMTD, in com- 
parison with those untreated, we obtained the following 
increase in the number of sprouts per hectare for the 
various sowing dates: 26 March, 22,200 plants; 31 March, 
19,500; 6 April, 16,600; 11 April, 19,400; 18 April 
(normal sowing time), 14,000 plants; i.e., for the con- 
trol plants between 52,600 and 80,000 plants sprouted 
per hectare, but for plants treated with 12 g TMTD be- 
tween 74,800 and 99,700 sprouted (out of 138,000 seeds 
sowed per hectare). Consequently, by using presowing 
treatment of seeds with TMTD and by sowing five naked 
seeds per hole, we can obtain, even for such very early 
(for 1960) dates as 31 March and 6 April, a greater 
number of sprouts than is usually planned, more than 
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83,000 plants per hectare, But here a new problem 
arises: how to keep these sprouts from subsequent in- 
juries, especially from root rot,which is prevalent dur- 
ing cold periods in the spring ? Actually, if we compare 
the data from the count of the number of plants on 10 
May with the plant stand on 30 September, 27% of the 
sprouts died during this time in the controls sown on 
31 March and 6 April; more than 20% of those in the 
experiment sown on 31 March; and more than 30% of 
those in the experiment sown on 6 April. This confirms 
our earlier conclusion [1] that presowing treatinent of 
seeds, thus protecting the seeds, does not prevent dam- 
age to sprouts that are repeatedly chilled. Laboratory 
experiments showed [2] that the problem of preventing 
root rot in sprouts should be solved by the application 
of TMTD at the root level in the soil, at a depth of 
8-10 cm. 

The larger number of sprouts from seeds treated 
with TMTD had a positive effect, however, on the actual 
density of plant stand counted on 30 September (Table 
1). Thus, in comparison with the control, the treatment 
with 12 g TMTD yielded the following increase in the 
number of plants per hectare by planting dates: .26 
March, 14,800; 31 March, 20,200; 6 April, 7,600; 11 
April, 10,000; and even with sowing at the normal 
time, 18 April, where we thinned, the increase was 
more than 10,400 plants in the experiment. The low 
results for sowing on 6 April are because it was done on 
very wet soil, which adversely affected the quality of 
sowing; in addition, frosts occurred and snow fell after 
sowing. Sowing on 26 March was also carried out un- 
der unfavorable conditions. Thus, presowing treatment 
of seeds with TMTD even in the presence of a large, 
subsequent drop in the sprouts permitted us to obtain 
for the early sowing time a plant stand density close 
to that planned, 

We counted the number of bolls in the plots for 
all sowing dates on 1 September. For this purpose we 
took ten holes each with three plants for each variant 
for the four repetitions, i,e., a total of 120 plants, The 
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TABLE 2. The Effect of Presowing Treatment of Cotton Seed with TMTD for Differ- 
ent Sowing Dates on the Number of Bolls and the Yield of Raw Cotton 


April 6 


April 11 April 18 


Yield Yield 


TMTD 
dose, 
g/kg 


seeds 


rof | 


from plot 


flumber of 


bolls 
from plo 
bentner 


Control 
4 
8 
42 


centners/ 


ww 


average data for a single plant (see Table 2) show that 
for all sowing dates except 26 March, the plants from 
the seeds treated with TMTD had more bolls than from 
those untreated. This was more clearly manifested in 
the field experiments, 

The yield was counted separately for each plot. 
The first picking was made on 1 October, the second 
on 25 October, after which no unopened bolls remain- 
ed, The data on the count of the yield from the plot, 
given in Table 2 in kilograms and based on a hectare, 
show that presowing treatment of seeds with TMTD in 
doses of 8 and 12 g led to an increase in the yield of 
raw cotton: 26 March between 1.9 and 6 centners/ ha; 
31 March between 4.7 and 6.7 centners/ha; 6 April 
between 3 and 4,6 centners/ ha; 11 April between 5.7 
and 7 centners/ ha; and 18 April between 2 and 5 cen- 
tners/ha, The increased yield was observed both in 
the first and second picking. Thus, by using presowing 
treatment of seeds with TMTD in doses of 8 and 12g, 
even for the early sowing dates of 31 March and 6 
April, we obtained a yield between 39 and 43 cent- 
ners/ha, i,e,, 3 to 7 centners/ha more than in the con- 
trol, which yielded 36 centners/ ha, 

The increased yield from treated seeds is primari- 
ly due to the increase in the density of the plant stand 
(Table 1). The increase in the number of bolls, how- 
ever, also has a positive effect. 

To check the possibility of protecting seeds from 
damping-off under field conditions, the Institute of 
Plant Physiology, Academy of Sciences, Ukraine SSR, 
carried out experiments on 104 hectares in 1960 on a 
State farm and two collective farms in the Tashkent 
region, 

Sowing was mainly done by the standard quantity 
method and only a small portion by the square hill 
method. The diagram of the squares was 60X 60 cm 
for both sowings. The seeds were slightly moistened 
and dusted with TMTD based on 5-8 g of 50% TMTD 
per 1 kg of dry seeds prior to sowing. They were 
treated in small batches and mixed well for a uniform 
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distribution of the preparation. 

At the Ak-kurgan State Farm the naked seeds were 
sown on 51 ha according to a standard quantity of 
seeds per hectare on 15-18 April. The plot was not 
resown or thinned, The cultivation methods were those 
commonly used at the State farm. At the start of 
harvesting, on 2 October, we counted the actual plant 
stand, the number of bolls on a plant, and the num- 
ber opened by the first picking. 

The results of the experiment (Table 3) show that 
presowing treatment of the seeds with TMTD reduced 
their damping-off and increased the actual density of 
the plant stand by 14,800/ ha, i.e., by 21% with 70,000/ 
ha in the control. The number of bolls per plant was 
increased by an average of 2,5 and the number of those 
opened by the first picking, by 3. 

Sowing, by the standard quantity of seed method, 
was done on 15 April at the Ya. M. Sverdlovsk Collec- 
tive Farm, in the Yangi-Yul’sk region. A count of 
the plants on 5 October showed an increase in the plant 
stand from seeds treated with TMTD by 13,000 plants 
per hectare, i.e., by 21.7%, with 60,000/ ha in the con- 
trol (Table 3). 

The L. V, Stalin Collective Farm in the same re- 
gion was sown by the same method on 16 April; the seeds 
had already been disinfected with mercuran and these 
were sown in the control plot, and for the experimental 
plot the seeds were additionally treated with TMTD. This 
increased the plant stand by 11,000/ha, i.e,, by 14.3%, 
with 77,000/ha in the control. 

Cotton seeds treated with TMTD were sown by the 
square-hill method at these two collective farms on 16- 
17 April. Prior to thinning on 14-15 May, we counted 
the number of sprouted plants, and this showed that at 
the Sverdlovsk farm the holes with treated plants had 
on the average 10.3 plants and those with untreated had 
1, i.e., 32% less. At the Stalin farm the holes with 
treated plants had an average of 10.7 plants and those 
with untreated had 7.8, i.e., 27% less, Thus, treatment 
of seeds with TMTD reduced damping-off of seeds in 
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TABLE 3, The Effect of Presowing Treatment of Cotton Seeds with TMTD on the Con- 
dition of Plants Prior to Harvesting (2-5 October, 1960) (Field Experiments) 


Area 
Variant of sown, 
experiment ha 


Site of 
experiments 


Plant stand,| Plants 
thousands/ 


Bolls per plant 
Of those 
opened 


in hole, 


ha average | Total 


State farm Control 
Ak-kurgan TMTD 
Ya. M. Sverdlov | Control 

Collective Farm} TMTD 
I. V. Stalin Col- | Control 


lective Farm TMTD 
Square-hill sowin 


Ya. M. Sverdloy | Control 2.5 
Collective Farm| TMTD 12 
I. V. Stalin Col- | Control 3 


Sowing with standard quantity 


lective Farm TMTD 10 


the experiment with square-hill sowing. The count 
made on 2 October showed (Table 3) that the actual 
plant stand for these crops was greater in the section 
sown with TMTD-treated seeds, 

The data of the field experiments also show that, 
in addition to the plant stand, an increase of the total 
number of bolls and a greater number of those opened 
by the first picking are observed when sowing treated 
seeds. This is probably explained by the fact that under 
the cold spring conditions of 1960 some of the sprouted, 
untreated seeds that did not die completely had partial 
injuries which adversely affected the later development 
of the plants, and this affected the fruit elements, The 
seeds protected from damping-off by the preparation 
produced healthier shoots, which were good fruit bearers. 

Our laboratory, plot and field experiments con- 
vincingly show that presowing treatment of seeds with 
thiuram (TMTD)inall cases reduces presprouting death 
of cotton by protecting the seeds from damping -off 
caused by pathogenic microorganisms of cold soil. Pre- 
sowing treatment of naked seeds with the preparation 
(fungicide) should be recommended as an obligatory 
argricultural measure in order to obtain a normal plant 
stand when sowing a standard quantity of seed per hec- 
tare, 

The most effective dose when treating seeds with 
50% TMTD is 10-12 g per kg of dry seeds. Other fungi- 
cides (mercuran, etc.) can undoubtedly be used for these 
purposes, but probably in somewhat larger doses than 
for disinfecting seeds, 

Experiments with corn, 


Corn is especially 
sensitive in the germinating phase to low positive tem- 
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70,0 2.5 4.6 
84.8 3.0 1.9 
60.0 2.1 4.3 
73.0 2.6 5.9 
77.0 2.7 ° 5.7 
88.0 3.1 4,4 


70,0 2.6 10.1 3.0 
76,0 2.8 13.3 4,9 
15.4 2.8 8.8 5.3 
81.0 3.0 12.3 5.8 


peratures combined with a large water content of the 
soil, For this reason agronomic literature abounds in 
reports on the high presowing death of this crop during 
the return of spring cold spells. Moreover, com seeds 
which become swollen out of the soil are able to with- 
stand prolonged chilling without a drop in germinating 
ability and even become hardened in this process, thus 
increasing their yield [4] 

The main cause of presprouting death of corn seeds 
in fields is the damage inflicted upon them by the 
pathogenic microorganisms of cold soil [1, 5-11]. The 
data of our literature and that of abroad attest to the 
fact that this source of injury to crops can be eliminat- 
ed considerably by treating the seeds with fungicides 
before sowing. Mercuran or granosan in doses of 150- 
300 gfentner (8, 12, 13] or TMTD [1, 11, 14, 15] are 
recommended for this purpose. The addition of 12- 
20% hexachlorane to 50-60% TMTD is recommended 
to protect the seeds from mold and wireworms [11, 15, 
16]. Kalashnikov [15] at the Pushkin Scientific-Research 
Base of the All-Union Scientific Research Institute for 
Plant Protection,by a treatment of 50% TMTD and the 
use of 100 g/centner of this herbicide halved the dam- 
age to corn seeds, increased the green mass by a factor 
of 3.8, and doubled the number of cobs, The effective- 
ness increased as the TMTD dose. EI*kin and Grebeny- 
uk [11], using 50% TMTD in combination with 10-20% 
heptachlor, under conditions of Western Siberia, re- 
duced presprouting death of com by 31%, whereby this 
preparation was more effective than NIUIF-2(granosan), 

In 1958 we carried out a plot experiment with 
seeds of 17 corn varieties at the Artificial Climate Sta- 
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TABLE 4, The Effect of Presowing Treatment of Corn Seeds with TMTD on Loss of 
Germinating Ability in Cold Soil (in %), Sown 25 September; Counted 15 October, 
1958 


Variety Control | TMTD | Variety Control 


Voronezhskaya 76 AS 4 US-13 80 
Maksimirski rani zuban | 52 Sterling 84 
Z uti tyrdunac raska Partizanka 92 
Brzak — osijek (slavonija) Krasnodarska ya 92 
Mili¢evicey zuban 76 

(maéva) 


Average 60 Average 87 25 


tion (Moscow) to ascertain the effectiveness of TMTD seeds were removed from the soil, washed and trans- 
under conditions of low positive temperatures and a ferred to the hothouse for further germination. Between 
high moisture content of the soil. 25 September and 15 October the minimum temperature 
We sowed in the fall (25 September) in order to of the soil varied within the limits of 2-9°, the maxim- 
subject them to the ever-increasing effects of unfavor- um (day) within 8-13", 
able factors. We treated the seeds before sowing with Between 30 and 60% of the seeds in the control had 
50% TMTD dust (400 g/ centner) and the untreated died after 15 days in cold soil; no seeds treated with 
seeds were the controls, After 15, 20 and 35 days the TMTD died; the exception was the Partizanka variety, 
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Fig. 1. The state of com seeds treated with TMTD (lower 4 rows) 
and of the controls(upper 4 rows) after 20 days in cold soil. 
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for which 20% of the treated seeds and 88% of the con- 
trol seeds had died. 

The seeds had already germinated after 20 days 
in the soil (by 15 October). Figure 1, which graphical- 
ly illustrates the positive effect of presowing treatment 
with TMTD, shows the state of the seeds for four varie- 
ties immediately after removing them from the soil. 
Table 4 gives data on the loss of germinating ability 
after 20 days; these data were obtained after addition- 
al sprouting for three days in the hothouse. 

We see from Table 4 that the seeds treated with 
TMTD had only a 4-8% loss in germinating ability in 
the first group of varieties and the untreated, 48-76%, 
The seeds of Sterling, Partizanka and Krasnodarskaya 
com, which were stored under laboratory conditions for 
two or three years, had a greater percentage of deaths, 
but in this case treatment with TMTD reduced it by a 
factor of four. As an average of the 17 varieties which 
participated in the experiment, 65% of the control and 
only 7.5% of the TMTD-treated seeds died during the 
20 days in cold soil. After growing for three days at 
25°, the shoots were transferred to a room with a tem- 
perature of 5-7° and illuminated during the day, After 
15 days of cooling and six days of allowing them to 
grow at 25°, the plant height from untreated seeds was 
18 cm and from the treated, 25.5 cm, which speaks 
for the greater viability of seeds protected by the prep- 
aration from the pathogenic microorganisms of the soil. 

Corn seeds that remained in cold soil for 35 days 
(until 30 October) were severely affected; for the last 
five days prior to making the test we kept the tempera- 
ture around the clock at not higher than 1-1.5°. By this 
time 96% of the seeds in the control and 51% of the 
seeds treated with TMTD had died, as an average of 
the 17 varieties, Our attention was attracted to the 
fact that 69% of the untreated, germinated seeds were 
without a main root and only 9 of those treated; the 
number of branch rootlets per plant was 2.1 in the con- 
trol and 3.6 in the experimental plants. 

Thus the data in the literature and our data con- 
vincingly indicate that presowing treatment of corn 
seeds with TMTD, by reducing presprouting death, leads 
to an increase in the density of the plant stand in young 
crops. In addition, the protected seeds, by making it 
possible to use hardening temperatures, produce health- 
ier and more viable sprouts, which is expressed in the 
increased yield. Presowing treatment of corn seeds for 
protection against damping-off in cold soils in combina- 
tion with preparations against wireworms should become 
a mandatory agricultural measure, especially in the 
northern zones where this crop is cultivated, 

Experiments with cucumbers. Cucumbers 
are very thermophilic and it is important to protect 
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their seeds from damping-off when spring cold periods 
return, Data confirming this have already been cited 
in our reports [1, 13, 18]. Here, as an example illus- 
trating the possibility of increasing the germination of 
cucumber seeds by treating them with TMTD before 
sowing, we will report the data from one of the 1958 
plot experiments, 

The seeds of cucumber varieties Vyaznikovskie 
and Nerosimyi were sown in beds on 15 and 20 May. 
Some seeds were treated with 50% TMTD dust (4-8 
g/kg). After the first sowing date (15 May), the mini- 
mum soil temperature during the first five days con- 
tinuously dropped from +10 to 5 and very slowly rose 
during the second five days. 

The germinating ability from treating the seeds 
with TMTD increased in this period by 45%, The seeds 
of the second sowing date (20 May) were under more 
favorable conditions, and their germinating ability from 
the treatment of the fungicide was increased by 27% 
(Fig. 2). Thus, the more unfavorable the sprouting 
conditions, the greater the effectiveness from presow- 
ing treatment of the seeds with TMTD. Similar data 
were obtained for the Nezhinskii and Muromskii cu- 
cumber varieties both at these and later sowing dates. 
Presowing treatment of seeds with TMTD reduces pre- 
sprouting death not only of thermophilic plants, but 
also of such crops as peas and beans [19]. 

Cold germination, We must use the method 
of cold germination in order to learn beforehand how 
severely seeds will be damaged by pathogenic micro- 
flora in cold soil. 

For this, we take soil from the field of interest to 
us, soak it, and sow the test seeds, Germination starts 
in a cold room at a temperature between 5 and 10° 
for 7-10 days. Then the vessel with the seeds is trans- 
ferred to a warm room and after three to five .days 
we count the number of sprouted plants. At the same 
time we determine the germinating ability at an opti- 
mal temperature. The difference between these de- 
terminations characterizes the magnitude of damage 
to the seeds from pathogenic microflora in cold soil 
expressed in terms of the drop in germinating ability 
during chilling. The effectiveness of the protective 
action of fungicides against damping-off in the cold 
can be checked by this method. 

American authors widely use the method of cold 
germinating (cold test),and it is urgently recommended 
in our literature [1, 20-22]. 

Method of applying the preparation. 
The usual method of dusting the preparation is not ef- 
fective, especially for smooth seeds, Preliminary mois- 
tening of the seeds with water is of no help. In both 
cases a considerable part of the preparation remains 
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Fig. 2, Moisture content of cucumber seeds of the Vyaz- 
nikovskie (1, 1a) and Nerosimyi (2, 2a) varieties treated 
with TMTD, 1, 2) Controls; 1a, 2a) treated with TMTD, 
A) Sown 15 May; B) sown 20 May, 


between the seeds, on the wall of the package or is 
lost in the sowing mechanisms [23]. Good results are 
obtained by applying the preparation on the seeds by 
the “semi-dry” method [24], i.e., dusting after prelimi- 
nary moistening with an adhesive (casein, liquid glass, 
etc.), The use of 3 and 5% polyvinyl acetate emulsions 
for these purposes yields good results [25]. Our observa- 
tions show that it holds TMTD nicely to the seeds, does 
not affect their germination, and the cotton seeds cov- 
ered after such treatment flow more easily. 

The plant breeders frequently use the effect of low- 
ered temperatures on germinating seeds for growing 
and selecting more cold-resistant forms of plants [26, 
27]. The effectiveness of this work can be increased 
considerably if we exclude the effect of the factor of 
pathogenicity of cold soils. If the germinating seeds 
are subjected to the effect of low temperatures,we are 
limited to their presowing treatment, and if sprouts, 
we must apply 0.3-0.4 g of 50% TMTD/ kg of soil in 
order to eliminate damping-off of the root system [2]. 


SUMMARY 

The results of the plot and field experiments given 
in this article,as well as the data in the literature, show 
that presprouting death of thermophilic plant seeds 
(cotton, corn, cucumbers) in cold soil can be reduced 
considerably by treating them with fungicides, particu- 
larly with TMTD, before sowing. The increase in the 
density of the plant stand is the reserve for increasing 
the crop yield of thermophilic plants. 

The wide testing of this measure by branch scien- 
tific and industrial institutions is desirable in order to 
check its use as a mandatory agricultural measure, 

Considerable organizational help in carrying out 
this study was rendered by M. V. Mukhamedzhanov, 
Director of the Laboratory of the Biology of Plant De- 
velopment, Institute of Genetics and Plant Physiology, 


Ukraine Academy of Sciences,and I. I, Tumanov, Cor- 
responding Member of the USSR Academy of Sciences, 
Director of the Laboratory of Winter Resistance, Institute 
of Plant Physiology, Academy of Sciences, USSR; to 
these men the authors express their appreciation. 
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We frequently encounter in biology the problem 
of how to observe the loss of water in material during 

a specified time. We most frequently find this problem 
in the fields of plant physiology, in the food industry, 
and in agricultural technology. 

Methods hitherto used for this purpose were based 
on weighings repeated at definite time intervals. The 
complications or errors which this method entails arise 
as a result of the difficulty in investigating gradual 
changes while simultaneously maintaining the conditions 
under which the material desiccates constant throughout 
the experiment. 

In 1932 S.Skramovsky designed an automatic 
apparatus and called it a statmograph [1]. This appa- 
ratus was intended for physicochemical studies, but by 
1934 S, Prat was using it for biological purposes, main- 
ly to study the difference between the desiccation of 
leaves alive and dead before the experiment [2]. 

The statmograph (Fig. 1) consists of a balance, a 
thermostat and a photorecording instrument. The bal- 
ance is placed on a fixed board over the thermostat. 


METHODS 


AUTOMATIC OBSERVATION OF WEIGHT VARIATION 


Department of Plant Physiology, Biology and Natural History Faculty, 


The vibrations are damped by floats securely connected 
with the loops of the balance pans and immersed in 
small tumblers containing oil (T). A glass thread (gt) is 
suspended from the lower part of one pan; this thread 
passes through an opening under the pan to the thermo- 
stat; the material (Ma) issuspended on the thread. Small 
weights, used to weigh the material, are placed on the 
second pan. A mirror(Mi)is attached in the middle of 
the beam. The photorecording instrument, consisting 
of a polarographic slit lamp (S) and the polarographic 
case(C), is to the side of the balance. The inside 
drum of the case with a wound paper tape is turned by 
an electric motor; the rotational speed can be changed 
by changing gears in the different transmissions in the 
transmission box(TB). The slit lamp throws light on the 
mirror, which reflects it to the slit of the polarographic 
case. As the water evaporates from the material, the 
beam with the mirror leans, as a result of which the 
light beam thrown on the paper in the case also moves 
downward, A curve marking the weight loss of the ma- 
terial is recorded on the paper as the balance beam 


Fig. 1. Diagram of the statmograph. Mi) Mirror on the bal- 
ance beam; T) tumblers with oil; gt) thread; Ma) material; 


GA) axle geared through a 90° angle; S) slit lamp; C) polaro- 
graphic case; TB) transmission box used to change the rota- 
tional speed of the drum with the photographic paper in the 


polarographic case, 
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turns, The rotation of the recording drum can be trans- 
ferred to the contact thermometer of the thermostat by 
an axle geared through a 90° angle (GA), so that the 
temperature is uniformly raised during the experiment. 
This equipment, however,can be switched off and the 
contact thermometer set at an arbitrary constant tem- 
perature, 


Fig. 2. Vertical statmograph. Mi) 
Mirror on balance beam; Mi) mir- 
ror on fixed rod; C) polarographic 


case; T) tumblers with oil; $) slit 
lamp; gt) thread; Ma) material. 


L 


The second design (Fig. 2), in which the motor with 
the case is located over the balance, is more suitable, 
especially for biological purposes, because of its size. 
The mirror(Mi)attached to the balance beam first throws 
the light beam to another mirror(Mi,), which can be 
set in any position on a vertical fixed rod, and from 
there to the slit of the case. If we set the mirror higher, 
the deflection to the slit with an identical deflection of 
the balance beam is greater, and when we lower the 
mirror the deflection is smaller, This is important in 
biology, especially for plant material, since here we 
must frequently change the height of the graph, i.e., 
the deflection of the slit in the case, according to the 
size of the specimen, amount of water, etc, 

The statmograph was used in many experiments 
with good results [3]. To show the possibility of further 
use of this apparatus, I will cite several previously un- 
published examples. 

If we dry the leaves at a constant temperature, the 
shape of the curves is considerably more simple. Figure 
3 shows individual curves which graphically depict de- 
siccation of clover leaves (Trifolium incarnatum L.) at 
different constant temperatures, The water loss was 
calculated in per cent of the total water volume to make 
it possible to compare the curves. We can determine 
from these curves the loss of water for a given tempera- 
ture at any time or, conversely, the time during which 
the leaf loses a certain amount of water, etc, 

Leaves, of course, are not the only objects to in- 
vestigate. We can investigate the loss of water in 


8 0 12 


i616 0002 


Fig. 3. Desiccation of Trifolium incarnatum leaves at different con- 


stant temperatures. From right to left the curves depict desiccation 
at 25, 30, 35, 40, 45, 50, 60, 70, 80 and 90°C, Percent of the total 
volume of water is on the vertical axis; time is on the horizontal 


axis. 
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stems or other important organs by this method [4]. If 
we suspend a flat pan made of aluminum foil or a met- 
al grate made in the same shape from the glass thread 
into the thermostat, we can use the statmograph to 
study the loss of water in seeds, 

We investigated the function of lenticels in apples 
by this method. A special apparatus was used for this 
purpose (Fig, 4). It is an aluminum tube (T) with an 
inside diameter of 6mm, This tube was ground(G) 
from both sides on one end and threading made on the 
other; a cap (C) with a hook(H) for hanging was 
screwed in here, 

Surface layers of a given thickness were cut from 
the apple under investigation; a layer was placed on a 
soft support and discs (D) were cut from the inner side. 
The circlets remained on the edge of the tube so that 
the surface (skin) was facing outwards. A weighed 

A G amount of cotton (Co) soaked with a definite amount 
D of water was placed in the tube, Then the cap, whose 
threads were smeared with vaseline, was screwed on 
and placed in the thermostat, Since the result could 
be affected by evaporation of the water left on the 
edge of the cutting point of the tube when cutting out 
the sample, we measured the loss of water after an hour. 

If we engage the drum and thermostat drive and 
thus raise the temperature during the experiment, we 
obtain curves characterized by certain special features. 


Fig. 4. Ap- 
paratus for 
studying the 
loss of water 
by the surface 
of apples (ex- 
planation in 
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Fig. 5. Desiccation of different fodder plants at an increasing temper- 
ature (7° per 30 min). Percent of the total volume of water is on the 
vertical axis and the temperature on the horizontal axis. 1) Vicia faba; 
2) Lotus corniculatus; 3) Melilotus albus; 4) Medicago sativa; 5) Medi- 
cago lupulina; 6) Phacelia tanacetifolia; 7) Trifolium incarnatum, 
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The most notable is that they show at first a relatively 
slower loss of water; however, these losses are noticeably 
increased at a certain temperature so that a sometimes 
more, sometimes less,noticeable break occurs, This 
break depends on the temperature, but not on the drying 
time. Both this critical temperature and the general 
shape of the curve are different for different materials. 
Figure 5 shows curves obtained when drying leaves of 
different fodder plants; these are again calculated in 
per cent of the total water content of the given materi- 
al. The temperature was raised T per 30 min. 

Naturally,these are the simplest examples of how 
the statmograph can be used for different purposes. A 
more detailed review of the curves will reveal new de- 
tails and certain modifications of the method or various 
improvements in the apparatus which can expand ap- 
preciably the use of the statmograph in biological in- 
vestigations. 

SUMMARY 

1. A detailed description is given of an automatic 
apparatus for determining water losses in biological 
samples at a given temperature and at any time. 
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2, Examples are given of the automatic determina- 
tion of water lost by leaves of different fodder plants 
during an increase in temperature, as well as at differ- 
ent constant temperatures. 

3. The experimental data were used to plot curves 
from which the water loss can be determined at a given 
temperature and arbitrary time or, conversely, the time 
during which the leaves lose a certain amount of water. 
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A NEW METHOD FOR DETERMINING 
LEAF SURFACE AREA OF CEREALS 


V. V. Anikiev and F. F. Kutuzov 


A. I, Gertsen State Pedagogical Institute, Leningrad 
Translated from Fiziologiya Rastenii, Vol. 8, No. 3, 


pp. 375-377, May-June, 1961 
Original article submitted May 27, 1959 


Many physiological research projects, e.g., those 
dealing with the water regime of plants, use increase 
in leaf surface as an index of growth. The methods of 
calculating leaf surface area available in such cases 
are still far from perfect and often inaccurate. 

The usual technique employed for the measure- 
ment of leaf surface is to obtain an image of the leaf 
on light-sensitive paper and measure the area of the 
image by means of a planimeter or by some method 
employing weighing. However, the leaf surfaces of ce- 
real plants may sometimes be calculated by means of 
the “area of a triangle” formula as their shapes are al- 
most triangular. 

Sometimes it is necessary to obtain an accurate 
picture of the change in size of leaf surface in a given 
plant throughout its period of vegetative growth. Ob- 
servations have then to be made on the same leaves 
throughout their vegetative life and in these circum - 
stancesit is impossible to use the “sensitive paper im - 
age” technique, as this requires the destruction of the 
plant for each separate determination. Morever, this 
technique has many inherent sources of error in its prac- 
tice. 

The image “print” produced on the sensitive paper 
is not always an accurate representation of the leaf 
outline, as the former is affected both by the direction 
of incident light and the position of the leaf on the pa- 
per. In addition, inaccurate cutting out of the prints 
and variations in thickness of the paper are a fruitful 
source of error, where weighing methods are used. 

The authors now propose to describe a method for 
determining leaf area based on the “area of a triangle” 
formula. 

By means of careful visual observation, it is possi- 
ble to see that the margin of a cereal leaf is not a 
straight line,but forms a parabola with a very small 
angle of declivity to the abscissal axis (Fig. 1), Hence, 
the area of half the cereal leaf is bounded by a parabo- 
la (leaf margin) anda straight line (mid rib). The area 
of the other half is similarly delimited. It therefore 
follows that in calculating the leaf area by the “area 
of triangle" formula, we shall always obtain a result 
somewhat less than the true area, because of the nature 


of the curvature shown by the leaf margin. The magni- 
tude of this error is demonstrated below. 


Fig. 1 
(Explanation in text) 


In order to determine the true leaf area we recom- 
mend that the curvature of the leaf margin should be 
calculated, This can be done in the following way. The 
general equation of a parabola is expressed by the for- 
mula: 2px. 

In our particular case y is represented by half the 
width of the leaf base, x by the leaf length and 2p is a 
factor depending on x and _y and indicative of the mag- 
nitude of the parabola’s slope toward the x axis. The 
value of y will be different for each leaf, 

It is known from integral calculus that the area of 
a plane figure bounded above by a curve y= f(x), be- 
low by an axis ox and laterally by straight lines x = a, 
X= b (Fig. 2) equals the integral 


s—{ f (x) dx — \ y dx, 
a a 


The section a to b is represented by the leaf length. 


Fig. 2 


If the position of the leaf is such that its apex cor- 
responds with the point of intersection of the co-ordinate 
axes, i.e.,a = 0, then the mid rib of the leaf corresponds 
to the axis ox. 

In determining the leaf area in this way, we arrive 
at the area delimited by the leaf margin and the mid 
rib,i,e., half the total leaf area, In order to obtain the 
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figure for the total area, we must double the figure first S = 2: ee y = 193.6 = 1158 ua?, 
obtained. The method can be followed most readily ~ 


from an actual example. ice., a reduction of 386 mm?, 
Example 1. Measurement of a leaf gave x = 193 A weighing method gave the area ofthis leaf as 
mm; y= 6 mm (where y = half width of leaf base). 1571 mm’, 
Consequently: Example 2. Measurement of a leaf gave x = 122 
mm (length of leaf) and y = 6.5 mm (half leaf base), 
Hence: 


This means that the formula for determining the con- 


The formula for determining the contours of the given 
tours of this leaf can be expressed in the form 


leaf becomes 
42.25 
Y= 


x. 


And on integrating: 


On integrating this function: S=2. \ = 1057 
0 


b 193 198 
Se ( f (x) dx = \ | a \ r* dre Calculation of the area of this same leaf by the 
a 3 V193 V193 3 "area of a triangle" formula gave a figure of 793 mm’, 
6 193 6 9 i.e.,264 mm? less. 
ab pee dee = ———-+-193]/ 193 = 772 um, In order to check the values obtained by integra- 
V 193 | 3 | Vi93 


tion, we attempted to reproduce the contours of two mea- 
sured leaves according to the formula by assigning 

Thus, the total area of the leaf will be 772X 2 = 1544 values to x at arbitarily determined intervals within the 
mm, Calculation of the area of the same leaf by means __ limits of the leaf size. For a leaf corresponding to ex- 


of the “area of a triangie” formula gives: ample 1 we obtained the following values for y: 


0 10 20 30 40 50 60 70 80 90 100 
O 1.36 4.92 2.35 2.72 3.04 3.33 3.60 3.85 4.08 4.30 


x 410 120 130 140 150 160 170 180 190 193 
y 4.514 4.71 4.90 5.09 5.26 5.44 5.60 5.77 5.93 6 


The values obtained above were plotted on a diagram. 

In Fig. 3 is given the outline of the leaf as deter- 
mined from the formula, alongside an actual photograph 
of the same leaf. Fig. 4 represents an attempt to superim- 
pose the outline of the leaf obtained from the formula 
over the actual leaf. It is obvious that the two areas 
correspond exactly. 

A similar trial was carried out using the leaf of the 
dimensions quoted in example 2. 


x 10 20 30 40 50 60 
0 1.86 2.63 3.22 3.72 4.16 4.56 


70 80 90 100 440 120 499 
4.92 5.26 5.58 5.88 6.17 6.44 6.5 


Figure 5 depicts the outline of the leaf plotted on 
paper from values derived by calculation from the formu- 
la alongside an actual photograph of the same leaf. 
Once again the accuracy of the calculation is confirmed. 

There is no doubt, therefore, that this method enables _ cereal leaves with a greater degree of accuracy than the 
the research worker to determine the surface areas of methods usually employed. 
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Compared with weighing techniques, this new meth- 
od permits the obtaining of accurate results with a mini- 
mum expenditure of effort. 

Moreover, the use of this calculation technique en- 
ables the research worker to follow changes in leaf sur- 
face area on a single plant throughout the whole period 


of vegetative growth, as it does not entail the removal 
of any leaves from the plant. 

The suggested method of calculation can be further 
simplified. If we suppose 2y=k tope the leaf breadth, 
then it is possible to consider S = ——, i.e.,the surface 
area of the cereal leaf equals two thirds the product of 
the width of the leaf base and its height. 

This can be applied to the previous examples, 


Example 1: width of leaf base k=12, height of leaf 
x = 193, 


y 2 
S= hx = -12-193 = 1544 
Example 2; «=13, x=122. 


2 
S= 3 *13-422 = 1057 
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BOOK REVIEW 


RESPIRATION AND ITS ROLE IN PLANT IMMUNITY 


B. A. Rubin 


A Timiryazev Lecture 
Izd, AN SSSR, 1960 


Reviewed by V. £. Pontovich 


Translated from Fiziologiya Rastenii, Vol. 8, No. 3, 


pp. 378-379, May-June, 1961 


This Timiryazev lecture by B, A, Rubin is a com- 
pilation of the basic trends of the investigations conduct- 
ed by him and his collaborators for a number of years, 
In these investigations special attention was paid to the 
role of respiration as well as to the oxidative enzyme 
systems, Respiration is not only a source of energy for 
synthesis, but is also a process in the course of which 
various compounds required for the cell's synthetic ac- 
tivity are formed (pp. 5, 6), Therefore, in his lecture 
the author proceeded from the position that respiration 
is one of the basic, central links of metabolism respon- 
sible for the plant's immunity, _ 

While summarizing the contemporary data on res« 
piration, enzymatic systems and plant immunity, the 
author introduces his original concept of the role plant 
oxidative systems play in its immunity, The study can 
be divided into four sections, 

The first section is an introduction in which the 
author's initial position and his concepts of the partici- 
pation of the oxidative enzymatic systems in adaptive 
plant reactions are presented, The decisive role in ad- 
aptive reactions is played by the lability of the enzyme 
systems, The latter are contingent on the various sensi- 
tivities of individual enzymes to the changing environ- 
mental media (temperature, gaseous conditions, emana- 
tion of radiation, activities of antibiotics), This results 
in inhibiting some enzymes and enhancing the activities 
of others, The external effect of the plant's reaction to 
various influences is either a decrease or, more frequent- 
ly, an increase in the total respiration of its tissues, 

The reaction of oxidative enzymes to external in- 
fluences depends on their location in the cell structures, 
which is shown by the author in the case of antibiotics, 
The rate of participation of individual enzymes in respi- 
ration to some extent affects the chemical composition 
of plant tissues, The author develops a concept of “mul- 
tiplicity" and “heterogeneity” of the plant's enzyme sys- 
tems, This feature is expressed in the cell's capacity to 
exploit various chemical compounds for the respiration 
process and to accomplish oxidation—reduction conver- 
sions of substances in various ways, 

The activity of toxins liberated by parasites, like 
the effects of various factors of external environments, 
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provokes responding reactions from the plants, The course 
of these reactions determines the plant's resistance to in- 
fections, The author conceives of plant immunity as re- 
sistance of its organisms to infection, the capacity of 
specific response reactions to infection in the course of 
which the host plant tissues originate protective factors 
of a diverse biochemical nature (p. 19), The author 
characterizes an infected plant as a qualitatively new 
biological system: the host parasite in which a deviation 
from the normal course of respiration arises, The author 
conceives the development of survival capacity in auto- 
trophic species struggling with parasites as well as the de- 
velopment of a parasitic method of nutrition from the 
evolutionary point of view. 

The second section of the study is devoted to the 
consideration of characteristics of the cell's reaction to 
parasitic encroachment, The universal type of reaction 
to parasitic encroachment the author conceives to be an 
increased respiration rate, The increased respiration of 
tissues in an infected plant is based on the reconstruction 
of enzymatic systems, This reconstruction is accomplish- 
ed because of dissimilar sensitivity of oxidative enzymes 
to products of parasitic vital activity, Thus, for instance, 
in most cases an inactivation of cytochromoxidase is ob- 
served; on the other hand, an activation of polyphenolox- 
idase and especially of peroxidase is noted, Resistance 
to activities of flavoprotein enzyme toxins is noted, Dif- 
fering sensitivities are displayed by dehydrases, Essen- 
tially, the increased activity of one enzyme or another 
occurs, not as a result of the cumulative activity of the 
host plant's enzyme and the parasite, since frequently 
activation of those enzymes which are not part of the 
composition of the parasite's body is observed, 

As proof of his expressed point of view on the im- 
portance of oxidative processes to the plant's resistance 
to infection, the author also justifiably indicated the fact 
that inhibition of the cell's respiration by narcotics or 
poisons weakens the cell's resistance, For instance, ac- 
tivation of polyphenoloxidase by the introduction of phe- 
nols increases the plant's resistance, The character of Ag 
the parasite's activity on the respiratory systems depends a 
to a greater degree on the plant's resistance than on the 
parasite's properties, And still the activities of obligate 
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and facultative parasites possess their own specific activ- 
ity, which the author mentions in numerous cases, In 
this manner the selfsame heterogeneous factors of exter- 
nal environments (among these also toxins) exert an ef- 
fect on respiration, on oxidative processes within the 
cell, In this way the general mechanism of the plant's 
reaction to external environments is manifested, 

However, as the author shows, the types of activity 
variations of enzymatic systems in infected plants are so 
diversified that one does not succeed in delineating the 
general mechanism in processes of reciprocal activity of 
pathogenic microorganisms and the host plants, This 
condition, as the author admits, and with which one can- 
not disagree, may be caused by the reaction of oxidative 
systems on the toxin activities—a secondary phenomenon. 
Pure enzyme preparations do not react to the presence of 
toxins, Evidently the toxins exert a direct effect onsome 
other systems related to enzymes or on the protoplast's 
structural elements (p. 34), This problem relating to the 
mechanism of toxin activity is of much interest, although 
the author deals only superficially with this subject, 


In the third section the detoxicating mechanism of 
the products of the parasites’ vital activity is discussed, 
The author discusses chiefly the role of phenol com- 
pounds, He shares the prevailing point of view on the 
protective role of oxidative phenol conversions forming 
barriers in infected plant cells, It is particularly admit- 
ted that condensation compounds formed as a result of 
polyphenoloxidase activation appear to be protective sub- 
stances providing plant resistance against parasites, An 
important role in the indicated conversions is allotted to 
chlorogenic acid, 

In the last section there is a brief presentation of the 
basic results of studies (chiefly foreign) on investigation 
of the mechanisms of toxin activity on the respiration of 
the growing cell, These investigations are discussed by 
the author individually, since they were conducted in a 
somewhat different direction, Special attention is paid 
to phosphorus metabolism of healthy and diseased plants, 


According to these investigators, the increase in the 
respiration rate of immune and nonimmune plant forms 
bears a different character in principle. The increase in 


respiration rate of forms not resistant to facultative par- 
asites comes as a result of disruption of oxidative phos- 
phorylation causing decomposition of ATP and accumu- 
lation of inorganic phosphorus; in this case the cell's syn- 
thesizing capacity is disrupted, In resistant plant forms 
the capacity to form ATP is preserved, Consequently, 
the dissociation of oxidative and phosphorylation proces- 
ses occurring in nonresistant forms is not observed in re- 
sistant forms, The increase of the respiration rate in the 
latter may be related to an increase of the synthesizing 
process, 

It seems to us that a thorough study of phosphorus 
metabolism and changes in the structure and composition 
of proteins in infected and immune plant forms would 
present the opportunity of delving more deeply into the 
mechanism of toxin activities of facultative and obligate 
parasites, 

In the beginning of the study, the author presents a 
chart of carbohydrate oxidation—reduction conversions 
based on detailed analysis of existing concepts, The val- 
ue of this chart should be noted, It demonstrates very 
graphically all the possible basic paths of carbohydrate 
conversions in the growing cell. Thus, for instance, itis 
of interest to trace the ramifications of paths of conver- 
sion of phosphoenolpyruvic acid in infected plants, Due 
to polyphenoloxidase activation noted in infected tissues, 
conditions evidently arise favoring conversion of phospho- 
enolpyruvates toward the formation of phenol compounds, 

It is to be regretted that, in presenting the problem 
of paths to oxidation—reduction conversions and of the 
biological meaning of respiration, the author does not 
mention the studies of V, O, Tauson, who, as is known, 
was the first to present with great clarity the relationship 
between the respiration process and the cell's synthesiz- 
ing activity. 

B, A, Rubin's study devoted to a very essential and 
biologically complex problem is undoubtedly valuable, 

It presents a resume of the most important literature on 
the subject and in addition it synthesizes the author's own 
experimental data obtained in his laboratory, Since itis 
the summation of many years" study, it not only charac- 
terizes the contemporary state of the problem, but also 
indicates paths to further investigations, 
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CURRENT EVENTS 


CONFERENCE ON GIBBERELLIN AND 
GIBBERELLIN- LIKE SUBSTANCES 


V. G. Kochankov 


Translated from Fiziologiya Rastenii, Vol. 8, No, 3, 


pp. 380-381, May-June, 1961 


One of the current problems of plant physiology is 
the investigation of that newly discovered, highly active 
substance of microbial origin—gibberellin and its analogs, 

On January 11-13, 1961, a conference was held in 
Moscow to discuss the problem of gibberellin and gibber- 
ellin-like substances, It was attended by more than 300 
biologists and agronomists from 130 institutions of the 
USSR Academy of Sciences and the Academies of Science 
of allied republics, Representatives of branch research 
institutes, experimental stations and centers of advanced 
education are included in this figure, More than 60 pa- 
pers were presented at the various sessions of the confer- 
ence, and these papers dealt with such topics as the theo- 
retical and experimental problems of gibberellin micro- 
biology, technology and chemistry;the physiological ef- 
fects of this substance on plants and possible agricultural 
applications of these effects, 

In his opening words, Academician A, L, Kursanov 
stressed the point that the task of research workers is not 
just to establish the stimulatery effect of gibberellin on 
the growth and metabolism of plants, but to elucidate 
those aspects of plant nutrition which are “excited” by 
gibberellins, 

A review of our present knowledge regarding the 
theoretical and experimental research on gibberellin was 
given by Corresponding Member M, Kh, Chailakhyan of 
the Armenian Academy of Sciences, In his communica- 
tion, he cited facts in justification of the view that this 
substance is a metabolic product not only of microorgan- 
isms, but also of higher plants, in which it plays an im- 
portant regulatory role in controlling physiological proc- 
esses at various stages of their development, 

At the present time we have no clear picture of the 
nature of the effects of gibberellin on plant growth, 
Many facts suggest that gibberellin acts both in conjunc- 
tion with other plant metabolites (particularly auxins, 
vitamins and certain mineral substances) and also inde- 
pendently, to give its characteristic effects, 

The communications of Corresponding Members of 
the USSR Academy of Sciences N, A, Krasil'nikov, G. S, 
Muromtsev, M, N, Nestyuk, N. V. Rusanova, A. G, Ku- 
chaeva, V. L Bilai, etc,, dealt with the problem of pro- 
ducing gibberellin in quantity by efficient methods, ef- 
fective fermentation techniques and new methods of 
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chemical isolation and purification of the compound, 
As a result of intensive research by a large group of mi- 
crobiologists, chemists and technologists, it was found 
possible, at the beginning of 1960, to commence indus- 
trial manufacture of gibberellin, and thus to eliminate 
the need for importing foreign material, 

In the session dealing with the physiological effect 
of gibberellin on plants, a communication was received 
from Corresponding Member of VASKhNIL V. L Razumov 
on the role of gibberellin in plant development, This 
paper, together with similar papers by S, I, Mashkin, 

T. V. Nekrasova, and others, demonstrated the important 
part played by gibberellin in plant ontogeny. The ac- 
ceptance of this fact enables speculation to be made re- 
garding the explanation of such complex processes as 
vernalization, photoperiodism and stratification, 

In papers dealing with the effect of gibberellin on 
fundamental physiological processes, it was shown that 
under its influence the whole vital activities of plants 
were stimulated, This substance increases photosynthetic 
intensity (E, Ya, Ermolaeva, B, A, Mitrofanov, N, L Ya- 
kushkina), raises the metabolic rate with a consequent 
intensification of respiration (F, L. Kalinin) and increas- 
es the absorption by the roots of phosphorus, potassium 
and other nutrient elements (L V. Mosolov, A, Z, Den- 
isova), The hypothesis that the introduction of gibber- 
ellin into plant tissue leads to the inactivation of oxida- 
tive enzymes, in particular auxin oxidase, with a conse- 
quent increase in the amount of free auxin, was devel- 
oped in papers by R, G, Butenko, N, A, Rodionova, E, P. 
Aleshin, and others, 

The extensive testing of preparations of the natural 
product on agricultural plants reveals undoubted possibil- 
ities for its use in this field, First place in importance 
in this direction must be given to the experiments of 
M, A, Drboglav, P. N, Bolgarev, M, K. Manankov, G, V. 
Tkachenko, M, M, Sarkisova and others who have dem- 
onstrated the effectiveness of gibberellin on. both seed- 
less varieties of grapes and those with functional female 
flowers, Treatment of seedless (currant) grapes at the 
time of flowering increases the weight of the bunches 
two or three fold by bringing about an increase in the 
size of individual fruits, while spraying varieties with 
functional female flowers results in “artificial pollina- 
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tion," with consequent setting of the fruit, Moreover, 
gibberellin treatment of vines results in many cases in 
an earlier ripening of the fruit over a wide range of cli- 
matic zones— from Transcaucasia to the Moscow Region, 


The use of gibberellin to elongate the stems of 
hemp results in an increased fiber output (2-2,5 times) 
without any loss of quality (M, S, Zhukov, A, L Zakor- 
donets), The treatment of tea bushes with gibberellin 
promotes active growth of the dormant lateral branches 
and thus permits the additional harvesting of green leaves 
in summer (10-20%) as well as in autumn (50-75%) ac- 
cording to M, A, Ali-Zade, 


Positive results have been obtained from gibberellin 
treatment of tobacco, cucumber, certain varieties of to- 
mato and many root and fruit crops, also on decorative 
plants and in the speeding-up of seed germination, By 


the utilization of this latter property of gibberellins, it 
is possible to shorten the “malting” of barley in brewing 
by one to two days (G, F, Ipatova), 

It was apparent from the conference proceedings 
that there was still insufficient work being done on the 
testing of gibberellins on many different agricultural 
plants, Moreover, much research suffered from poor co- 
ordination, too much empiricism and an insufficiently 
high standard of experimental technique, The conference 
adopted a resolution, therefore, which called for increased 
research of a theoretical nature and a better coordination 
of the most promising of existing research into the use of 
gibberellins on cultivated plants, A further resolution 
calling for increased investigations into the possible use 
of gibberellins in the raising of agricultural plants and 
the extension of gibberellin application to new plants 
was also adopted, 
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ALEKSANDR VASIL'EVICH KRYLOV 


Aleksandr Vasil'evich Krylov died suddenly on Feb- 
ruary 19, 1961, at the age of 43 years. He was the senior 
research worker at the K. A. Timiryazev Institute of Plant 
Physiology, USSR Academy of Sciences, and a Doctor of 
Biological Sciences. The name of Aleksandr Vasil'evich 
Krylov is well known to a wide circle of biologists as that 
of a great research worker and scientific organizer. For 
several years A. V. Krylov was a director of the training 
division for candidates seeking fellowships in biological 
and geologo- geographical sciences at the USSR Academy 
of Sciences, and in this capacity gained the affection and 
esteem of a great many candidates and doctorants, who 
were helped by him in many ways. His activities as sec- 
retary of the All-Union Attestation Commission for Biol- 
ogy and secretary of the Adjudication Committee for the 
Lenin Prize were equally fruitful. All who were directly 
associated with A. V. Krylov in the work of these organi- 
zations could not fail to notice his energy, sincerity and 
general benevolence. These characteristics of A. V. Kry- 
lov always enabled him to find the correct solution to 
difficult and complex problems. 

A.V. Krylov's services to academic organization and 
social work, though considerable , were nevertheless dwarf- 
ed by his contribution to scientific research. 

His career, though short, was not uncomplicated, and 
his path .o success had not been an easy one, On com- 
pleting his studies at the Saratov Agricultural Institute, he 
spent several months as the chief agronomist of Pospeli- 
khinsk district in the Altai Region and was then called to 
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serve in the Soviet Army. Only with the cessation of hos- 
tilities in August, 1945, was it possible for Aleksandr Vas- 
il’evich to return to his scientific work. After successfully 
passing the entrance examination in the autumn of 1945, 
A. V. Krylov became an “aspirant” of the Scientific In- 
stitute for Vegetable Research of the Ministry of Agricul- 
ture, RSFSR. New ideas always attracted the attention of 
A. V. Krylov and it is not surprising that his thesis dealt 
with a problem that was both new and topical—the control 
of plant growth and development by means of synthetic 
growth substances and their effect on plant metabolism. 
A. V. Krylov's first large published work, "The Use of Syn- 
thetic Compounds in the Hothouse Cultivation of Toma- 
toes," was based on his candidate's thesis, The success 
which A, V. Krylov had in this field while preparing for 
his doctorate undoubtedly served to direct his research 
work toward growth regulation in plants, During this pe- 
riod of his scientific activities, Krylov, working with Yu. 
V. Rakitin and others, published a series of articles, books 
and brochures, The topics covered in these publications 
were diverse and included the distribution within plants 

of introduced growth-regulating substances, their ultimate 
fate and physiological effect. The writings of Krylov al- 
ways combined a profound analysis of scientific phenom- 
ena with a ready appreciation of their practical value in 
the field of agriculture. Many of the substances he inves- 
tigated were accepted by agriculturalists on his recom- 
mendation and have been successfully used to increase the 
yield of tomatoes; others have been employed to inhibit 
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the sprouting of potato tubers and thus preserve them, The 
economic results of these introductions were extremely 
favorable and A. V. Krylov, as the leader of the research 
team, was appointed Director of the Institute and a mem- 
ber of the Presidium of the USSR Academy of Sciences, 

In later years the attention of A. V. Krylov was di- 
rected toward a new phenomenon—the effect of magnetic 
fields on plant growth, termed by him “magnetotropisms,” 
Arising out of his belief that the fundamental polarity of 
living material lay in the magnetic properties of its com- 
ponents, A. V. Krylov demonstrated in a series of critical 
experiments that the north magnetic pole of the earth's 
field, and also the north pole of artificial fields, exert a 
definite influence on the growth processes of plants, For 
example, he showed that if plant seeds (wheat, corn) are 
germinated in an artificial magnetic field, or the seeds 
are all oriented in relation to the earth's magnetic field, 
it is possible to observe an orientation of the young shoots 
in the direction of the south pole. Moreover, an intensi- 
fication of growth can be observed in cases of seeds ori- 
ented toward the south pole and a diminution of growth 
in the case of seeds oriented at the opposite pole. In his 
last work, which appeared only a little time before his 
death, A. V. Krylov dealt with this newly established phe- 
nomenon of magnetotropism, which promised to be anew 
field of study within the general topic of polarity. He al- 
so dealt with its possible effect on the study of such prob- 
lems as photosynthesis, the nature of heredity, the harm- 
ful effects of ionizing radiation, the construction of mod- 
els of living systems, etc. 

His untimely death has left the development of these 
promising lines of research to his colleagues, who hope to 
bring them to a successful conclusion, A. V. Krylov'sde- 
votion to science, his readiness to help other people and 
his tolerance of their faults will long be remembered by 
his friends, 


Prof, A. A. Prokof'ev, 
Doctor of Biological Sciences 


LIST OF PUBLISHED WORK BY A. V. KRYLOV 


1. The Use of Growth Stimulators in Increasing Produc- 
tion of Cultivated Tomatoes (Izd, AN SSSR, 1950), 

2. Growth Substances as a Means of Increasing Tomato 
Production (Izd, Shchelkovskogo Otdeleniya VKhO 
im. Mendeleeva, 1948). 

3. The Use of Growth Substances in Tomato Cultivation 
(Iizd. “"Moskovskii Rabochii,” 1947). 

4. “The use of methyl-2,4,5-trichlorophenoxylate ester 
vapor on fruit formation in tomatoes,” Doklady Akad, 
Nauk SSSR 90, No. 4, 681 (1953). 

5. °The dark fixation of carbon dioxide by plants,” 

Fiziologiya Rastenii 3, 225 (1956). 


10, 


11, 


12, 


13, 


14, 


15. 


16. 


17. 


"The question of the distribution and transformation 
of growth stimulators in plants." Fiziologiya Rastenii 
1, 173 (1954), 

The Use of Growth Stimulators in Tomato Cultivation 
(Izd. AN SSSR, 1955). 

"The distribution and transformation of the methyl 
ester of naphthylene acetic acid in potato tubers.° 
Doklady Akad, Nauk SSSR 116, No, 4, 696 (1957), 
*A study of the assimilation, distribution and trans- 
formation of certain physiologically active substanc- 
es.” Proceedings of the Second International Confer- 
ence on the Peaceful Uses of Atomic Energy (Atom- 
izdat, 1959), 

"The distribution of vitamin By, labeled with the ra- 
dioactive isotope of sulfur (S*®), in the various parts 
of tomato plants," Fiziologiya Rastenii 6, 296 (1959), 
"The metabolism of methyl alcohol in fruits under- 
going ripening.” Doklady Akad, Nauk SSSR 116, No. 
5, 874 (1957). 

"The effect of various chemical substances on the 
sprouting of potato tubers during storage.” Doklady 
Akad, Nauk SSSR 121, No, 1, 175 (1958), 

"The metabolism of ethyl alcohol in fruits under- 
going ripening.” Doklady Akad, Nauk SSSR 121, No. 
2, 374 (1959). 

“Retardation of sprouting in potato tubers of different 
varieties during storage.” Fiziologiya Rastenii 6, 
500 (1959). 

Physiological changes in plants during inhibition of 
growth by gamma rays," Fiziologiya Rastenii 4,82, 
(1957). 

The Use of Growth Substances in Greenhouse Culti- 
vation of Tomatoes and the Possibility of Conducting 
Experiments on Tomatoes in the Open (Izd. MSKh 
SSSR, 1948), 

A. Handbook on the Retardation of Sprouting in Pota- 
to Tubers during Storage and Transport (Izd. AN 
SSSR, 1952), 

The Use of Growth Stimulators in Tomato Cultivation 
(Izd. AN SSSR, 1957). 

How to Prevent the Sprouting of Potato Tubers during 
Storage and Transport (Izd. AN SSSR, 1957). 


"The gaseous regime of fruits and vegetables during 
storage.” Priroda, No. 10, 97 (1956). 


©The quantitative determination of succinic acid an- 
ions by the precipitation method.” Zhurn, Priklad- 
naya Khimiya 13, No, 10 (1940), 

°The force of the earth's attraction as a factor inthe 
organ formation of plants,” Fiziologiya Rastenii 5, 
368 (1958), 

*The phenomenon of magnetism in plants and its 
nature.” Fiziologiya Rastenii 7, 191 (1960), 


6. 
8. 
9. 
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24, “The effect of physiologically active substances on 
the reproduction of the tobacco mosaic virus." Fiz- 
iologiya Rastenii 7, 309 (1960), 

25, Stimulation of Fruit Production in Plants (A Survey). 
Scientific Results (Izd, AN SSSR, 1958) Vol, 2. 


Note: Nos, 1-4, 6, 7, 9, 15-19 were published by A. V. 
Krylov in collaboration with Yu. V, Rakitin; Nos, 11, 13 
with Yu. V. Rakitin and G. A. Tarakanova; No, 23 with 

G. A. Tarakanova; No, 24 with V, A. Smirnova and G, 

A. Tarakanova; No. 10 with K, E, Ovcharov, G. A, Tar- 
akanova and N. N, Borisova; No, 22 with Yu. G. Molot- 
kovsk, G. V. Lebedev and G, A, Tarakanova; Nos, 5, 20 
with Yu, V. Rakitin and A, A. Kolesniko; No, 21 withG, 


V. Medoks; Nos, 12, 14 with Yu. V. Rakitin, G. M. Gei- 
den and K, G, Garaeva; No, 8 with Yu, V. Rakitin and 
K, G, Garaeva,. 


Translated from Fiziologiya Rastenii, Vol. 
8, No. 3, pp. 382-384, May-June, 1961 


All abbreviations of periodicals in the above bibliography 
are letter-by-letter transliterations of the abbreviations as 
given in the original Russian journal. Some or all of this 
periodical literature may well be available in English transla- 
tion. A complete list of the cover-to-cover English translations 
appears at the bagk of this issue. 
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Abbreviation 
(Transliterated) 


AMN SSSR 
AN SSSR 
BIN 

FTI 
GONTI 
GOST 
GRRRI 
GTTI 
GU 
IKhN 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNII 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 


ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 
IN RUSSIAN BIO-SCIENCES LITERATURE 


Significance 


Academy of Medical Sciences, USSR 

Academy of Sciences, USSR 

Biological Institute, Botanical Institute 

Institute of Physiotherapy 

State United Sci.-Tech. Press 

All-Union State Standard 

State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 
State University 

Scientific Research Institute of Surgical Neuropathology 
F oreign Literature Press 

Inst. Gen. and Inorganic Chemistry (N. S. Kurnakov) 
Soil Science Inst. (Acad, Sci. USSR) 

Soviet Science Press 

Press 

Laboratory for Experimental Morphogenesis 

Leningrad Inst. of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 
Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 
Scientific Institute for F ertilizers 

Scientific Research Institute of Fertiiizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci.-Tech, Press 

Division of Technical Information 

Russian Botanical Society 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 
Central Scientific and Technical Laboratory 
All-Union Academy of Agricultural Sciences 
All-Union Institute of Helminthology 

All-Union Institute of Experimental Medicine 
All-Union Institute of Plant Cultivation 


All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 


All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad, Sci. USSR) 


Note; Abbreviations no. on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher. 
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AIBS Russian Monograph Translations 


The AIBS is in the process of expanding its Russian Translations Program extensively. Funds to sub- 
sidize translation and publication of important Russian literature in biology have been obtained from 
the National Science Foundation, as part of a larger program to encourage the exchange of scientific 
information between the two countries. The following monographs have been published: 


Origins of Angiospermous Plants. By A. L. Takhtajan. 
Fdited by G. Ledyard Stebbins. Translated by Olga H. Gankin. 
68 pp. $3.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$2.00, AIBS members and all other libraries; $.50 additional, foreign. 


Essays on the Evolutionary Morphology of Plants. By A. L. Takhtajan. 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin. 
144 pp. $5.00, individuals and industria! libraries (U.S.A. and Canada) ; 

$4.00, AIBS members and all other libraries; $.50 additional, foreign. 


Problems in the Classification of Antagonists of Actinomycetes. By GC. F. Gause. 
Edited ees David Gottlieb. Translated by Fritz Danga. 
$5.90, individuals and industrial libraries (U.S.A. and Canada) ; 


Arachnida. Vol. IV, No. 2. Fauna of the U.S.S.R. By B. I. Pomerantzev. 
Edited by George Anastos. Translated by Alena Elbl. 
$10.00, individuals and industrial libraries (U.S.A. and Canada) ; 


Arachnoidea. Vol. VI, No. 1. Fauna of the U.S.S.R. By A. A. Zachvatkin. 
Translated and edited by A. Ratcliffe and A. M. Hughes. 
$10.00, individuals and industrial libraries (U.S.A. and Canada) ; 


Marine Biology. Vol. XX, Trudy Institute of Oceanology. Edited by B. N. Nikitin. 
$10.00, individuals and industrial libraries (U.S.A. and Canada) ; 


Plants and X-rays. By L. P. Breslavets. 
Editor of English edition: Arnold H. Sparrow. 


$5.00, individuals and industrial libraries (U.S.A. and Canada) ; 


Wintering of Plants. By /. M. Vasiliev. 
Editor of English edition: Jacob Levitt. 


$9.00, individuals and industrial libraries (U.S.A. and Canada); 
$8.00, AIBS members and all other libraries; $.50 additional, foreign 


All orders and subscriptions should be placed with: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P St., N.W. Washington 6, D. C. 


$4.00, AIBS members and all other libraries; $.50 additional, foreign. 


$9.00, AIBS members and all other libraries; $1.00 additional, foreign. 


$9.00, AIBS members and all other libraries; $1.00 additional, foreign. 


$7.50, AIBS members and all other libraries; $1.00 additional, foreign. 


$4.00, AIBS members and all other libraries; $.50 additional, foreign. 
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A chance to compare and utilize....... 
ENGLISH TRANSLATIONS OF RUSSIAN BIOLOGICAL JOURNALS . 


The American Institute of Biological Sciences, under a grant from the National Science Foundation, 
is currently translating and publishing the following seven Russian research journals in biology. 


DOKLADY all papers in the Biological Sciences Sections of the 
roceedings of the Academy of Sciences of the USSR. It includes sections in many 
BIOLOGICAL SCIENCES SECTIONS areas of biology, among which are the following: biophysics, cytology, embry- 
ology, experimental morphology, genetics, histology, Rolrebialéas, microbiology, 
Dr. Charles C. Davis, Advisory Editor morphology, physiology, and zoology. 


6 issues per year. First issues published: 1957, YEARLY SUBSCRIPTIONS: $20.00, individuals and industrial libraries (US. & Can.); 
Vols, 112-117. Current issues published: 1961, $15.00, AIBS members and all other libraries; $2.50 additional to each price, foreign. 
Vols. 136-141. SINGLE COPIES: $4.00. 3 


DOKLADY This journal is a translation of all papers in the Botanical Sciences Sections of 
BOTANICAL SCIENCES SECTIONS the Proceedings of the Academy of Sciences of the USSR. It includes sections on 


Dr. Helen P. Sorokin, Advi Editor botany, plant anatomy, plant embryology, plant morphology, and plant physiology. 
6 issues per year. First issues published: 1957, YEARLY SUBSCRIPTIONS: $7.50, individuals and industrial libraries (US. & Can.); 


Vols. 112-117, Current issues published: 1961, $5.75, AIBS members and all other libraries; $1.50 additional to each price, foreign. 
Vols. 136-141. SINGLE COPIES; $1.50. 


DOKLADY This is a translation of all papers in the Biochemistry Section of the Proceedings 

of the Academy of Sciences of the USSR. These papers deal with all phases of 

BIOCHEMISTRY SECTION the chemisiry of plant and animal life, at both the biological and physiological 
levels. This cransslittak contains a list of abbreviations most Gaanaetly encoun- 


; tered in Russian Bio-sciences literature, as well as a reference list of Russian 
Dr. Jakob A. Stekol, Advisory Editor journals that are frequently cited. 


6 issues per year. First issues published: 1957, YEARLY SUBSCRIPTIONS: $15.00, individual; sd industrial libraries (US. & Can.); 
Vols. 112-117. Current issues published: 1961, $10.00, AIBS members and all other libraries; $3.00 additional to each price, foreign. 
Vols. 136-141. SINGLE COPIES: $4.50. 


PLANT PHYSIOLOGY This journal publishes original studies of an experimental nature on various 

(FIZIOLOGIYA RASTENII) problems of the physiology of plants, reviews, critical articles, and discussions 

of major problems in this field. It has special sections dealing with methods of 

Dr. Arthur W. Galston, Advisory Editor experimental research and the application of finished scientific research to current 
Dr. Bruce A. Bonner, Asst. Advisory Ed. agricultural practice. 


6 issues per year. First issues published: 1957, YEARLY SUBSCRIPTIONS: $15.00, individuals and industrial libraries (US. & Can.); 
Vol. 4, Nos. 1-6. Current issues published: $11.00, AIBS members and all other libraries; $2.00 additional to each price, foreign. 
1961, Vol. 7, Nos. 1-6. SINGLE COPIES: $3.00. 


MICROBIOLOGY This journal deals with problems of general microbiology (systematics, mor- 
phology, physiology, and variability of microorganisms), agricultural microbi- 
(MIKROBIOLOGIYA) ology (microbiology of soils and fodder crops, bacterial fertilizers), technical 


microbiology, the microbiology of foods, and -he microbiology of water reservoirs. 
This journal also contains sections on the history of science, book reviews, and 

Dr. J. R. Porter, Advisory Editor current events in the field of microbiology, as well as the general articles in 
this field. 


6 issues per year. First issues published: 1957, YEARLY SUBSCRIPTIONS: $20.00, individuals and industrial libraries (US. & Can.); 
Vol. 26, Nos, 1-6. Current issues published: $15.00, AIBS members and all other libraries; $2.50 additional to each price, foreign. 
1961, Vol. 30, Nos. 1-6. SINGLE COPIES: $4.00. 


ENTOMOLOGICAL REVIEW Very few entomologists would not find something of special interest to them in 

any one issue of this periodical. It deals with theoretical and practical problems 

(ENTOMOLOGICHESKOE OBOZRENIE) in the field of entomology and their significance for the national economy. It 
contains articles on all branches of entomology and devotes particular attention 

Dr. C. F. W. Muesebeck, Advisory Edi se ho ig connected with the theoretical basis of agriculture and public health 


4 issues per year. First issues published: 1958, YEARLY SUBSCRIPTIONS: $25.00, individuals and industrial libraries (US. & Can.); 
Vol. 37, Nos. 1-4. Current sssues published: $12.00, AIBS members and all other libraries; $3.00 additional to each price, ‘eign. 


1961, Vol. 40, Nos. 1-4. SINGLE COPIES: $7.50. 
SOVIET SOIL SCIENCE — is a translation of the Begs journal, Pochvovedeniye, edited by Dr. A. P. 
azurak of the University of Nebraska. It publishes research done at various 
(POCHVOVEDENIYE) institutes in the fields of soil chemistry, soil physics, soil microbiology, soil 
fertility, soil genesis and classification, soil conservation, irrigation, and related 
Dr. A. P. Mazurak, Edi aspects of soil science. 


YEARLY SUBSCRIPTIONS: $40.00, individuals and industrial libraries (US. & Can.); 
12 issues per year. First issues published: 1958. $20.00, AIBS members and all other libraries; $3.00 additional to each price, foreign. 
Current issues published: Jan.-Dec. 1960. SINGLE COPIES: $4.50. 


All orders and subscriptions should be placed with: 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D.C. 


